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Flight Safety Foundation (FSF) is an international membership
organization dedicated to the continuous improvement of flight safet
Nonprofit and independent, FSF was launched in 1945 in response to {
aviation industry’s need for a neutral clearinghouse to disseminat
objective safety information, and for a credible and knowledgeable boc
that would identify threats to safety, analyze the problems and recomme
practical solutions to them. Since its beginning, the Foundation has actg

in the public interest to produce positive influence on aviation safety.

Today, the Foundation provides leadership to more than 660 memb
organizations in 77 countries.
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Executive Summary

This report summarizes an analysis of fatal accidents to jet and turboprop airplanes that occurred during apprdach
and landing between 1980 and 1996 inclusive. The sample covered 287 fatal accidents involving 7,185 fatalities to
passengers and crew members and was based on the U.K. Civil Aviation Authority (CAA) databasadbaits
Fatal Accident Reviewl he primary conclusions of the analysis were:

1. Both the number of accidents and the number of fatalities showed an increasing trend overall. If the trend
continues, by 2010 there will be 23 fatal approach-and-landing accidents (ALAs) with a total of 495 fatalitiels
annually involving Western-built aircraft (commercial jets, business jets and turboprop airplanes) and operators,
other than those of the Commonwealth of Independent States (C.1.S.);

2. A disproportionate number of ALAs occurred on flights without passengers (freight, ferry and positioning);
the accident rate was judged to be nearly eight times higher than on passenger flights;

3. Seventy-five percent of the ALAs occurred when a precision approach aid was not available or was not usgd;

4. Adisproportionate number of the accidents occurred at night; the accident rate at night is estimated to be three
times that for day;

5. The fatal ALA rate for Western-built jets (excludes business jets) was highest for operators from Africa (2.43
per million flights), South America and Central America (1.65), and Europe other than the Joint Aviation
Authorities (JAA) full-member countries (1.64). Australasian operators had no ALAs in the period;

D

6. Full-member JAA countries in Europe had a fatal ALA rate for Western-built jets ten times lower than th
other European countries;

7. The two most common primary causal factors, and most common of all causal factors, in ALAs were those|in
which the approach was continued below decision height or minimum descent altitude when no visual cues
were available, and lack of positional awareness in the air, often resulting in a controlled-flight-into-terrai
accident;

=

8. Aircraft built and operated in the Union of Soviet Socialist Republics or the C.1.S. (based on data for 1990—
1996 only) had “press-on-itis” as the most common causal factor in ALAs, even though this was only sixth
the overall ranking; and,

>

9. The most frequent circumstantial factors were “nonfitment of presently available safety equipment” (generally
ground-proximity warning system) and “failure in crew resource management.” “Lack of ground aids” was
cited in at least 25 percent of ALAs for all classes of aircraft.
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A Study of Fatal Approach-and-landing Accidents
Worldwide, 1980-1996

A study commissioned by the U.K. Civil Aviation Authority for Flight Safety Foundation
examined in detail 287 fatal approach-and-landing accidents. Among the findings
were that 75 percent of the accidents occurred when a precision approach aid was|not
available or was not used; a disproportionate number of the accidents occurred at night;
there were significant differences in the accident rates among world regions; and the
leading causal factors were continuing the approach below decision height or minimum
descent altitude in the absence of visual cues, and lack of positional awareness in the air.

1.0 Introduction experience gained in both the aviation industry and fthe
regulatory environment. The researchers brought to the AAG
Flight Safety Foundation (FSF) has focused attention ofirst-hand knowledge, for example, in the following areas;
approach-and-landing accidents (ALAs) as one of its major
safety initiatives. In discussion in the FSF international « Commercial airline operations;
Approach-and-landing Accident Reduction (ALAR) Task
Force, it was agreed that the U.K. Civil Aviation Authority «  Flight testing, handling and performance;
(CAA) database for it&lobal Fatal AccidenReview could
be used as a starting point for a study of the global fatal- « Systems and structural design;
accident experience during approach and landing of jet and
turboprop airplanes having greater than 5,700 kilograms « Human factors and flight-deck design;
(12,500 pounds) maximum takeoff weight (MTOW). The
Global Fatal Accident Revieanalyzed 621 fatal accidents «  Risk/safety analysis techniques;
that occurred between 1980 and 1996 inclusive and, from
these, 287 (46 percent) were judged to be in the approach-«  Cabin safety and survivability;
and-landing phases of flight; the database of these 287
accidents forms the basis of this study, which was « Regulatory/legal procedures; and,
commissioned by the CAA for the Foundation.
] ) * Maintenance.
2.0 The Accident Analysis Group
The AAG was established to study all worldwide fatal
To conduct its accident review, the CAA formed an Accidengiccidents to jet and turboprop airplanes having greater than
Analysis Group (AAG) early in 1996. The group comprised5,700 kilograms MTOW that occurred since 1980 during
seven researchers, each having extensive aeronautigaiblic transport, business, commercial training and
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ferry/positioning flights. The following were excluded from one primary causal factor for each accidgthough this

the study: proved to be difficult for some accidents). Where the chg
was contentious, the group agreed on a particular methg
» Piston-engine aircraft; select one primary causal factor, and then applied this me

consistently to all other similar situations.
» Accidents resulting from acts of terrorism or sabotage;

ice
d to
thod

The causal factors were listed in generic groups and then

» Fatalities to third parties not caused by the aircraft obroken down into specific factors, e.g., one causal group
its operation; “aircraft systems” and one of the several specific factors

this group was “system failure affecting controllability.” Th
+ Eastern-built aircraft and operators from thefull list is shown in Appendix 1.

Union of Soviet Socialist Republics (U.S.S.R.) or
Commonwealth of Independent States (C.I.S.) prior tan accident could be allocated any number of causal fag

was
in
e

tors

1990, because information from these countries wafom any one group and any combination of groups. In a single

unavailable or limited at that time; and, accident, the highest number of causal factors recorded
10, which was allocated to an aircraft that undershot the run
» Military-type operations or test flights.

3.3 Circumstantial Factors
Summaries of the accidents were obtained from\toeld
Aircraft Accident SummasThe summaries were usually brief A circumstantial factor was an event or item that was jud
and were supplemented with other information when requireflot to be directly in the causal chain of events but could h

was
vay.

jed
ave

and available. At the AAG meetings, causal and circumstantiglontributed to the accident. These factors were present in the

factors were discussed for each accident, and a consensus WaSation and were believed to be relevant to the accid
reached on the factors to be allocated. These factors and afishough not directly causal. For example, it was useful to
consequences were then recorded for each accident and entef@fén an aircraft had made a controlled flight into terr

in a fatal-accident database for future analysis. The AAGCFIT) and it was not fitted with a ground-proximity warnir
decided to assess all worldwide fatal accidents, unlike othefystem (GPWS). Because GPWS was not mandatory fo
studies in which only accidents where substantial informatiogjrcraft in the study and an aircraft can be flown safely with

was available were reviewed; this was done to avoid any biag the nonfitment of GPWS in a CFIT accident was classe
in the analysis toward accidents that have occurred in natioRScircumstantial factor rather than a causal factor.

where detailed investigations are conducted and reports are

issued. More details of the AAG approaCh are contained if’Fa”ure in crew resource management (CRM)"’ when JUdE
Reference 1. to be relevant, was in some situations allocated a|
. circumstantial factor and in others as a causal factor. The fo

3.0 Accident Assessment was chosen when the accident summary did not clearly
or the data point to, CRM as a causal factor, but the AAG
3.1 The Review Process that had the CRM been to a higher standard, the accident n

ent,
ote
nin

g
r all
put
l as

ed

s a
mer
cite,
felt
night

have been prevented. For example, CFIT during descent might

The review process accomplished by the AAG involvedhave been avoided by good crew CRM (cross-checking by ¢
reaching consensus views to establish which causal factommembers, better coordination and division of duties, etc.),
circumstantial factors and consequences occurred in eatle accident report or data might not have given suffici
accident, together with an assessment of the level of confidenegidence that CRM failure was a causal factor.

in the information available. In addition, a single primary causal

factor was selected from the number of causal factor€ircumstantial factors, like causal factors, were listed
identified. Numbers of flights were also obtained fromgeneric groups and then broken down further into speg

Airclaims (publisher of th&Vorld Aircraft Accident Summayy factors. The full list is shown in Appendix 1. For causal factg
and other available sources. an accident could be allocated any number of circumstal

factors from any one group and any combination of grou
3.2 Causal Factors The highest number of circumstantial factors recorded i

single accident was seven.

A causal factor was an event or item that was judged to be

directly instrumental in the causal chain of events leading t8.4  Consequences

the accident. An event might be cited in the accident summary

as being a causal factor, or it might be implicit in the textA list of consequences was used to record the outcomes @
Whenever an official accident report was quoted in the accidefdatal accidents in terms of collisions, structural failure, fi
summary, the AAG used any causal factors stated therein féwel exhaustion and other events. It was important to keg
consistency; additionally, as stated above, the AAG selectaécord of the consequences because all fatal accidents c¢

rew
but
ent

in
ific
rs,
ntial

ps.
na

f the
e,

2p a
nsist
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of a chain of events with a final outcome resulting in fatalitiestwo operations with similar safety in the context of takeoff,
In some accidents, it can be just as important to know whatpproach and landing, of which one involves 10-hour flights
happened as why or how it happened, because a particubard the other one-hour flights, to use a “per-hour” basis for| the
combination of causal factors on one day may lead to a fatatcident rate would give the former operation an accident|rate
accident, while on another day, result in only a minor incidentthat is close to one tenth of the latter (short-haul) operation;| this
In many events, the consequence is all that is rememberads felt to be misleading. The fundamental objective ig to
about a particular accident. The consequences are listed domplete each flight safely, regardless of its duration.
Appendix 1. The highest number of consequences recorded in

a single accident was five. 4.0 Limitations of the AAG’s Database

3.5 Level of Confidence As with all statistics, care should be taken when drawjing
conclusions from the data provided. Only fatal accidents have
The AAG also recorded the level of confidence for each acciderieen included in this study and therefore important evants,
This could be high, medium or low and reflected the group’sncluding nonfatal accidents, serious incidents and “airprpx”
confidence in the accident summary and the factors allocate@nsufficient separation between aircraft during flight) repofrts
It was not a measure of confidence in the allocation of individusdave not been covered. It is important to recognize these
factors but of the group’s analysis of the accident as a wholgmitations when using the data.
Alternatively, if the group believed that there was not enough
substantive information in the accident summary (and there washe aggregated nature of the accident data, based or| 287
no possibility of obtaining an official accident report), then thereaccidents, tends to overcome errors of judgment, if any, made
was a fourth level of confidence — insufficient information. jn analyzing individual accidents. A few errors of judgment
For these accidents, no attempt was made to allocate caug@juld be unlikely to change the overall conclusions, especially
factors, although there might have been circumstantial factotgecause such errors might tend to balance one another.
such as poor visibility that appeared to be relevant. Accidents

with insufficient information were included in the analysis with§ 0 \Norldwide Results
allocated consequences (and sometimes circumstantial factors),

even though there were no primary or other causal factors. gecause of the lack of information on the numbers of flights
worldwide, accident rates have not been included in this section.
3.6 Summary of Assessments Nevertheless, utilization data were available for Western-huilt

) ) ) jets, and accident rates are included in section 10.
There were 64 possible causal factors, 15 possible circumstantial

factors and 15 possible consequences, and each accident wag  Fatal Accidents by Year
allocated as many factors and consequences as were considered

relevant. The group could allocate any combination of factorsghe group studied 287 worldwide fatal accidents during
although some factors are mutually exclusive. For eXﬂmp'%tpproach and landing that occurred between 1980 and 1996

(“failure to provide separation on the ground”) would not berjgyre 1 (page 7).

allocated to the same accident because the aircraft involved were
either in the air or on the ground. ALAs to Eastern-built aircraft and operators from the U.S.S.R.

or C.1.S. were not included prior to 1990 because information
The recording of factors was based on judgments made on tigis not available, was limited or was scarce.

available data, to ascertain the cause of the accident rather

than to apportion blame. There was an average of 12.1 accidents per year for the|non-
C.I.S. accidents in the first eight years of the study and 16.6
3.7 Accident Rates accidents per year in the last eight years; this shows a marked

growth in the number of accidents. The average growth (best mean
Absolute numbers of accidents are obviously not a gooline)is 0.37 accidents per year; if this growth continued one could
indication of safety standards and are of no comparative valexpect 23 fatal accidents to Western-built and Western-operated
until they are converted to accident rates. For this purpose,jéts and turboprops (including business jets) annually by 2010.
is possible to present the number of accidents per hour, per
passenger-kilometer, per tonne-kilometer, etc., but the rate pbr2  Fatalities by Year
flight is considered to be clearly the most useful indicator
and is used in this study. The total ALAs resulted in 7,185 fatalities to passengers jand
crew members, an average of 25 fatalities per accident ar 63
The great majority of accidents (90 percent) occur in the phasesrcent of the aircraft occupants, as shown in Figure 2 (page 8).
of flight associated with takeoff and landing, and the length of
the cruise phase has little influence on the risk. If you consider (continued page 7)
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Data Support Safety Actions Recommended by
FSF Approach-and-landing Accident Reduction Task Force

Flight Safety Foundation (FSF) presented the conclusions
and recommendations of its work-in-progress to prevent
approach-and-landing accidents (ALAs), during its 43rd
annual Corporate Aviation Safety Seminar (CASS), May
5-7, 1998, in Hartford, Connecticut, U.S.

“There is a high level of confidence in these conclusions
and recommendations,” said Pat Andrews, manager, global
aircraft services, Mobil Business Resources Corp., and co-
chair of the Operations and Training Working Group under
the FSF international Approach-and-landing Accident
Reduction (ALAR) Task Force. “Our confidence is based
upon analysis of ALAs and a confidence check
accomplished through the assessment of crew performance
in line audits conducted under Professor Robert Helmreich
at the University of Texas.”

The task force’s primary goal is to reduce commercial jet
aircraft ALAs by 50 percent within five years after the task
force’s final recommendations, which are applicable to most
aircraft operations, including business/corporate jet
operations. Comprehensive ALA data have been collected
and analyzed by the U.K. Civil Aviation Authority (CAA) in
the study commissioned for the Foundation: “Study of Fatal
Approach-and-landing Accidents 1980-1996." The study
includes fatal ALAs worldwide for both jet and turboprop
aircraft with a maximum takeoff weight greater than 12,500
pounds (5,700 kilograms).

“Available data make clear that our greatest efforts to
prevent ALAs must be in Africa, Latin America and Asia,”
said Andrews.

The operations group, in developing its conclusions and
recommendations, targeted all operations occurring from
the commencement of an instrument approach or a visual
approach, including circling, landing and missed-approach
procedure.

Included in the group’s recommendations are proposed tools
to further help prevent ALAs. A document would provide
comprehensive principles and guidelines to reduce risk
associated with approach and landing operations, including
specific information for management, flight operations, flight
crews, dispatch/schedulers, air traffic controllers and airport
managers. Planning guides for risk assessment, an
educational video program and a CEO briefing are other
proposed tools.

The nine conclusions and their respective recommendations
are below:

1. Establishing and adhering to adequate standard
operating procedures (SOPs) and crew resource

management (CRM) processes improves
approach and landing safety.

e States should mandate and operators should
develop/implement SOPs for approach and landing
operations;

» Operators should develop SOPs that permit their
practical application in a normal operating
environment; input from flight crews is essential in
the development and evaluation of SOPs;

e Operators should provide education and training
that enhance flight crew decision-making and risk
management (error management); and,

e Operators should implement routine and critical
evaluation of SOPs to determine the need for
change.

Improving communication and mutual
understanding between air traffic control
personnel and flight crews of each other’s
operational environment will improve approach
and landing safety.

Specific recommendations are being developed to
support this conclusion. Nevertheless, this conclusion
suggests that CRM must be broadened to include
a better-managed interface between flight crews
and air traffic control personnel. Analysis reveals
that compromises to approach and landing safety
(e.g., rushed approaches) often result from
misunderstanding or lack of knowledge about each
other’s operational environment.

. Unstabilized and rushed approaches contribute

to ALAs. Operators should define in their flight
operations manuals the parameters of a stabilized
approach and include at least the following:

1. Intended flight path;

2. Speed;

3. Power setting;

4. Attitude;

5. Sink rate;

6. Configuration; and,

7. Crew readiness.
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A suggested definition or policy that might be considered
by operators:

All flights shall be stabilized by 1,000 feet (305 meters)
height above touchdown (HAT). An approach is
considered stabilized when the following criteria are
met:

— The aircraft is on the correct flight path;

— Only small changes in heading and pitch are
required to maintain the flight path;

— The aircraft speed is not more than V,, +20 knots
indicated airspeed (KIAS) and not less than 'V, -5
KIAS;

— The aircraftis in approach or landing configuration.
Note that many light twin-engine airplanes have
limited single-engine go-around capability and that
they should not be configured for landing until the
landing is assured;

— Sink rate is no more than 1,500 feet (457.5 meters)
per minute;

— Power setting is minimum specified for type of
aircraft; and,

— All briefings and checklists have been performed.

Specific types of approaches are considered
stabilized if they also fulfill the following:

— Instrument landing system (ILS) approaches —
must be flown within one dot of the glide path or
localizer, and a Category Il approach or Category
Il approach must be flown within the expanded
localizer band;

— Visual approaches — wings must be level on final
when the aircraft reaches 500 feet (152.5 meters)
HAT;

— Circling approaches — wings must be level on final
when the aircraft reaches 300 feet (91.5 meters)
HAT.

e Corporate policy should state that a go-around is
required if the aircraft becomes unstabilized during
the approach. Training should reinforce this policy.

» Before descent, a checklist-triggered risk assessment
by the crew for the upcoming approach should be
company SOP. Prior to commencement of the
approach, the crew should confirm the risk assessment;

e The implementation of constant-angle and rate-of-
descent procedures for nonprecision approaches
should be expedited globally; and,

e Training should be made available to flight crews
for learning proper use of constant-angle descent
procedures as well as approach-design criteria and
obstacle-clearance requirements.

4. Failure to recognize the need for and to execute a

missed approach when appropriate is a major
cause of ALAs.

e Company policy should specify go-around gates
for approach and landing operations. Parameters
should include:

— Visibility minimums required prior to proceeding
past the final approach fix (FAF) or the outer
marker (OM);

— Assessment at FAF or OM of crew readiness
and aircraft readiness for the approach;

— Minimum altitude at which the aircraft must be
stabilized; and,

e Companies should declare and support no-fault go-
around and missed-approach policies.

. The risk of ALAs is higher in operations

conducted during conditions involving:

1. Low light;

2. Poor visibility;

3. The likelihood of optical illusions; and,

4. Wet or otherwise contaminated runways.

» Tactical use should be made of a risk-assessment
tool/checklist to identify hazards, the associated
risks and appropriate procedures to reduce risks;

e Operators should develop procedures to assist
crews in planning and controlling approach angle
and rate of descent during approaches; and,

» Operators should develop a policy requiring the use

of all available navigation and approach aids for
each approach flown.

. Using the radio altimeter as an effective tool will

prevent ALAS.

e Educational tools are needed to improve crew
awareness of radio-altimeter operation and benefits;

« Companies should state that the radio altimeter is
to be used, and specify procedures for its use; and,

e Manufacturers should design equipment that allows
for native-language callouts.
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7. When the pilot-in-command (PIC) is the pilot flying
(PF), and the operational environment is complex,
the task profile and workload reduce PF flight
management efficiency and decision-making
capability in approach and landing operations.

e There should be a clear policy in the operator's manual
defining the role of the PIC in complex and demanding
flight situations; and,

e Training should address the practice of transferring
PF duties during operationally complex situations.

8. In-flight monitoring of crew/aircraft parameters (e.g.,
flight operations quality assurance [FOQA] program)
identifies performance trends that operators can use
to improve the quality of approach and landing
operations. Performance improvement will result only
if these data are managed sensitively and deidentified.

* FOQA should be implemented worldwide in tandem
with information-sharing partnerships such as Global
Analysis and Information Network (GAIN), British
Airways Safety Information System (BASIS) and
Aviation Safety Action Programs (ASAP).
Deidentification of data (i.e., pilots cannot be
identified) must be a cardinal requirement;

e« Examples of FOQA benefits (safety and cost
reductions) should be publicized widely; and,

» A process should be developed to bring FOQA and
information-sharing partnerships to regional airlines
and business aviation.

9. Global sharing of aviation information decreases the
risk of ALAs.

» Standardized global aviation phraseology should be
used by all pilots and air traffic control personnel;

* FOQA and information-sharing partnerships should
be implemented worldwide;

* Deidentification of aviation information data sources
must be a cardinal requirement; and,

e Public awareness of the importance of information
sharing must be increased in a coordinated,
professional and responsible way.

The FSF ALAR Task Force was created in June 1996 as a
follow-on to the FSF international Controlled-flight-into-
terrain (CFIT) Task Force. Both task forces have received
widespread support from the aviation industry worldwide,
including the International Civil Aviation Organization (ICAO)
and the International Air Transport Association (IATA).

Capt. Erik Reed Mohn, manager, governmental and
external affairs, Scandinavian Airlines System (SAS)
Flight Academy, co-chairs the operations group, which
later created the Data Acquisition and Analysis Working
Group to focus on analysis of ALA data and associated
research. The data group is co-chaired by Ratan
Khatwa, Ph.D., Rockwell-Collins, and Helmreich. Jean-
Pierre Daniel, Airbus Industrie, chairs the Equipment
Working Group, which was created in 1996 with the
operations group, and will present detailed findings later
this year.

The operations group includes representatives from
AlliedSignal, Airbus Industrie, Air Line Pilots Association
International (ALPA), Air Transport Association
of America, American Airlines, AMR Eagle, Amsterdam
Airport Tower, Amsterdam Airport Schiphol, Avianca,
Avianca-SAM, Boeing Commercial Airplane Group,
British Airways, China Southern Airlines, Delta Air Lines,
Garuda Airlines, Hewlett-Packard, ICAO, KLM
Cityhopper, Mexicana Airlines, National Research
Laboratory (NLR)—Netherlands, Pakistan International
Airlines, Rockwell-Collins, SAS, Transportation Safety
Board (TSB) of Canada, University of Texas, U.S. National
Transportation Safety Board (NTSB), US Airways and
U.S. Aviation Underwriters.

The data group has undertaken three separate studies:
the U.K. CAA’s study of ALAS; a separate comprehensive
study of 75 official ALA investigation reports, using
a methodology that included CAA taxonomy, and found
a high correlation between the CAA study of ALAs
and the comprehensive study of 75 specific ALA
accidents; and a study of 3,000 line audits that aimed
to identify pre-cursors of accidents during normal flight
operations.

Based on the three studies, the data group formulated
conclusions and recommendations in air traffic control,
airport authorities, flight crews, flight operations
management, regulatory authorities and accident-incident
investigation authorities. All these data have been used to
develop other task force recommendations.

The data group includes representatives from Airbus
Industrie, ALPA International, American Airlines,
Amsterdam Airport Schiphol, Amsterdam Airport Tower,
Australian Bureau of Air Safety Investigation, Aviacsa
Aeroexo, The Boeing Co., British Aerospace, British
Airways, Continental Airlines, Cranfield University Safety
Center, Dutch ALPA, FlightSafety Boeing, Honeywell,
IATA, ICAO, International Federation of Air Line Pilot's
Association, KLM Cityhopper, NLR - Netherlands, NTSB,
Rockwell-Collins, Southwest Airlines, TSB of Canada,
U.K. Air Accidents Investigation Branch, U.K. CAA, and
University of Texas.+
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287 Fatal ALAs Worldwide, by Year
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ALAs — approach-and-landing accidents involving jet and turboprop aircraft with a maximum takeoff weight greater than 5,700 kilograms
(12,500 pounds). U.S.S.R. - Union of Soviet Socialist Republics C.I.S. — Commonwealth of Independent States

Note: Accidents to Eastern-built aircraft and operators from the U.S.S.R./C.1.S. were not included for years before 1990.
Source: U.K. Civil Aviation Authority/Flight Safety Foundation

Figure 1
In 1992, there were 970 fatalities, almost twice the annual
average of 540 of the years 1990-1996 (in which U.S.S.R./ Table 1
C.l.S. data are included). 287 Fatal ALAs Worldwide,

By Phase of Flight

In the first eight years of the study, there was an average pf 1980—1996
300 fatalities per year for the non-U.S.S.R./C.I.S. accidents, )
compared with 428 for the last eight years. The “best megn” "ase of Flight Fatal ALAs
line” growth was 6 percent per year. Though such growth Approach 108
continuing would lead to an annual average of 495 by 2010,Final approach 82
there is reason to believe that the figures since 1992 may anding 97
indicate improvement. Total 287
5.3 Phase of F|ight ALAs — approach-and-landing accidents involving jet and

turboprop aircraft with a maximum takeoff weight greater than

. . 5,700 kilograms (12,500 pounds). U.S.S.R. - Union of Soviet
The group allocated one of 14 phases of flight to its analys|Ssocialist Republics C.1.S. — Commonwealth of Independent

of worldwide accidents, based on accident information from States

Airclaims? This study looks more closely at the accidents in Note: Accidents to Eastern-built aircraft and operators from the
just three of these phases of flight, as shown in Table 1. Tj;é’-S-S-R-’C-'-S- were not included for years before 1990.
selection of f|ight phase was based on judgment rather tharpource: U.K. Civil Aviation Authority/Flight Safety Foundation
precise criteria.

5.4  Accident Locations by Region
Those accidents that occurred in other closely related phases,
i.e., descent, hold and go-around, were not included. Thehe number of ALAs in each of the world regions in whi
accidents are fairly evenly distributed among the three phas#se 287 fatal accidents occurred is shown in Table 2 (pag
of flight considered. The figures in the right-hand column show the percentag

ch
e 8).
e of
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Fatalities in 287 ALAs Worldwide, by Year, 1980-1996
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ALAs — approach-and-landing accidents involving jet and turboprop aircraft with a maximum takeoff weight greater than 5,700 kilograms
U.S.S.R. — Union of Soviet Socialist Republics C.I.S. — Commonwealth of Independent States

Note: Accidents to Eastern-built aircraft and operators from the U.S.S.R./C.1.S. were not included for years before 1990.

Year

Figure 2

Table 2
287 Fatal ALA Locations, by Region*
1980-1996

Fatal Percent of Region’s
Region ALAs Fatal Accidents
North America 74 44%
South/Central America 67 49%
Asia 43 35%
Africa 34 49%
Europe 62 57%
Australasia 7 50%
Total 287
ALAs — approach-and-landing accidents involving jet and turboprop
aircraft with a maximum takeoff weight greater than 5,700
kilograms (12,500 pounds). U.S.S.R. - Union of Soviet Socialist
Republics C.I1.S. — Commonwealth of Independent States
Note: Accidents to Eastern-built aircraft and operators from the
U.S.S.R./C.1.S. were not included for years before 1990.
*Regions defined by Airclaims and shown in Appendix 2.
Source: U.K. Civil Aviation Authority/Flight Safety Foundation

the fatal accidents iall phases of flight in the region that includes JAA candidate members and nonmembers. (See
occurred during the three approach-and-landing flight phasgsmage 19.)

The regions are those defined by Airclaims (Appendix
“Europe,” however, includes the U.S.S.R. and C.I.S.

To understand the full significance of these figures, one ne
to know the numbers of relevant flights in each region &
hence the accident rates; these figures are not curre
available. (See section 10, page 13, for more compreher
data on Western-built jets.)

The percentage of accidents occurring during approach
landing might be expected to reflect the frequency of |
weather, terrain problems and availability of precision appro
aids. All regions, however, have figures of 50 percem
percent, except Asia, where such accidents are clearly a |
proportion of the total (35 percent).

5.5 Accidents by Region of Operator

The accidents are shown in Table 3 (page 9) by regio
operator. Because of the marked difference in regulat
arrangements between the two groups, Europe has

divided into the Joint Aviation Authorities (JAA) full-membe
countries (see Appendix 3) and the “rest of Europe,” wh
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Table 3
287 Fatal ALAs Worldwide,
By Region* of Operator
1980-1996

out in commercial transport operations. This indicates that
the fatal accident rate on freight, ferry and positioning flights
(i.e., when no fare-paying passengers are on board the
aircraft) is some eight times higher than that for passenger
flights. This is a surprising and important conclusipn
considering that the safety and operational standards|that
should be applied to such flights are generally no different
from those for passenger flights.

Region Fatal ALAs
North America 78
South/Central America 67
Asia 42
Africa 31
Europe 64

JAA full-member countries 30

All other European countries 34
Australasia 5
Total 287

ALAs — approach-and-landing accidents involving jet and
turboprop aircraft with a maximum takeoff weight greater than
5,700 kilograms (12,500 pounds).

U.S.S.R. — Union of Soviet Socialist Republics

C.I.S. — Commonwealth of Independent States

JAA — Joint Aviation Authorities

Note: Accidents to Eastern-built aircraft and operators from the
U.S.S.R./C.1.S. were not included for years before 1990.

* Regions defined by Airclaims and shown in Appendix 2.
Source: U.K. Civil Aviation Authority/Flight Safety Foundation

The distribution of fatal accidents by region of operator is ng
markedly different from the distribution of accident locations

Table 4
287 Fatal ALAs Worldwide,
By Type of Service

1980-1996
Percent of
Service Fatal ALAs 287 Fatal ALAs
Passenger 177 62%
Freight/ferry/positioning 73 25%
Business/other revenue 30 10%
Training/other nonrevenue 7 3%
Total 287 100%

ALAs — approach-and-landing accidents involving jet and
turboprop aircraft with a maximum takeoff weight greater than
5,700 kilograms (12,500 pounds).
U.S.S.R. — Union of Soviet Socialist Republics
C.I.S. — Commonwealth of Independent States

t Note: Accidents to Eastern-built aircraft and operators from the
U.S.S.R./C.I.S. were not included for years before 1990.

Source: U.K. Civil Aviation Authority/Flight Safety Foundation

by region.

aircraft covered and by region are not currently available, s
that it was not possible to present accident rates.
5.6 Service Type

The 287 fatal accidents occurred during the types of serviq
shown in Table 4.

Though the actual numbers of flights for all classes of aircra
are not available, data indicate that there is a much high
accident rate on freight/ferry/positioning flights than on
passenger flights. During the period 1990-1996 inclusive, 3.
percent of the international and domestic flights during
scheduled services of International Air Transport Associatio
(IATA) members involved all-cargo flightsCAA's data on

fixed-wing air transport movements at U.K. airpoftem 1986

to 1996 for aircraft having greater than 5,700 kilograms (12,50

cargo flights; there was a steady increase in this period fro
4.4 percentin 1986 to 5.6 percent in 1996. The average for t
period covered in this study (1980-1996) is therefore estimatg
to be about 4.6 percent for U.K. airports.

These indications suggest that, overall, the freight/carg
operations together with ferry and positioning flights
represent about 5 percent of the number of flights carri

Again, the numbers of flights flown by all of the classes ofg. 7

pounds) MTOW showed that an average of 5 percent were all-Total

Aircraft Classes
(0]

The classes of aircraft involved in the accidents analyzed
shown in Table 5.

are

Table 5
287 Fatal ALAs Worldwide,
By Class of Aircraft

e

t 1980-1996

er Percent of

6Class Fatal ALAs 287 Fatal ALAs
Western-built jets 92 32%

N Eastern-built jets 16 6%
Western-built turboprops 84 29%
Eastern-built turboprops 19 7%

OBusiness jets 76 26%

287 100%

m
ALAs — approach-and-landing accidents involving jet and

1(ta’urboprop aircraft with a maximum takeoff weight greater than
20h, 700 kilograms (12,500 pounds).
U.S.S.R. — Union of Soviet Socialist Republics
C.I.S. — Commonwealth of Independent States
oNote: Accidents to Eastern-built aircraft and operators from the
U.S.S.R./C.I.S. were not included for years before 1990.
Source: U.K. Civil Aviation Authority/Flight Safety Foundation
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Accidents involving Western-built jets are reviewed in more

detail in section 10. Tabl? 7 _
287 Fatal ALAs Worldwide, by Time of Day
5.8 Type of Approach 1980-1996
In 169 (59 percent) of the accidents, the type of approach used Percent of
was not known. The breakdown of the remainder is shown inTime Fatal ALAs 287 Fatal ALAs
Table 6. Day 143 50%
Night 112 39%
Table 6 _ Twilight 5 2%
118 Fatal ALAs Worldwide, Not known 7 9%
By Type of Approach Total 287 100%
1980-1996
ALAs — approach-and-landing accidents involving jet and
Percent of turboprop aircraft with a maximum takeoff weight greater than
Type of Approach Fatal ALAs 118 Fatal ALAs* 5,700 kilograms (12,500 pounds).
Visual 49 1% U.S.S.R. — Union of Soviet Socialist Republics
LS or ILS/DME 30 25% C.I.S. — Commonwealth of Independent States
0 Note: Accidents to Eastern-built aircraft and operators from the
VOR/DME 16 13% U.S.S.R./C.I.S. were not included for years before 1990.
NDB 11 9% AT T )
Source: U.K. Civil Aviation Authority/Flight Safety Foundation
VOR 10 8%
Other (SRA or DME) 2 4% . . .
Total 118 100% suggest that the figure is about 20 percent to 25 percent. If this

is correct, then the rate for ALAs at night is nearly three times

*Where the t f h k . X -
ere the lype of approach was known that for day. No conclusion can be drawn from the twilight

ALAs — approach-and-landing accidents involving jet and

turboprop aircraft with a maximum takeoff weight greater than figure.

5,700 kilograms (12,500 pounds).

U.S.S.R. — Union of Soviet Socialist Republics When ALAs are broken down by aircraft class, business jets —
C.1.S. - Commonwealth of Independent States with 76 ALAs — suffered an even higher proportion pf

ILS — instrument landing system

DME - distance measuring equipment

VOR - very high frequency omnidirectional radio

NDB - nondirectional beacon

SRA - surveillance-radar approach

Note: Accidents to Eastern-built aircraft and operators from the
U.S.S.R./C.I.S. were not included for years before 1990. 5.10 Level of Confidence

Source: U.K. Civil Aviation Authority/Flight Safety Foundation

accidents at night. Of those 66 business-jet ALAs (87 percgnt)
where the lighting conditions were known, 36 ALAs (55
percent) occurred at night and 27 ALAs (41 percent) occurred
during daylight.

The level of confidence reflected the group’s confidencg in

Of those accidents where the type of approach was knowH1e completeness of the accident summary and consequently
only 25 percent occurred during approaches and IandindEe factors allocated for each accident, as detailed in 3.5. Of
where a precision approach aid was available. It is suspect& 287 fatal ALAs, 152 were allocated a high level |of
that precision approach aids were not available in some of tf@nfidence, as shown in Table 8 (page 11).
accidents where no information on the type of approach was

found; if so, then much more than 75 percent of ALAs occurre§ausal factors were allocated to all but the eight accidents (3

when a precision approach aid was not available or not useBércent) where there was believed to be insufficient
information. The factors from all of the other accidents (279)

5.9 Night, Day, Twilight were used in the analysis. There was little difference in|the
proportion of accidents allocated given levels of confidence

It might be assumed that night approaches result in mof®r €ach aircraft class, e.g., 53 percent and 61 percent of those
difficulties caused, for example, by fewer visual cues or bynvolving Western-built jets and turboprops, respectively, were
spatial disorientation. Similarly, it is possible that the twilightallocated high levels of confidence.

hours could present particular problems. Where known, the . .

ALAs have been allocated to day, night or twilight — the lattet06.0  Analysis of Primary Causal Factors
being broadly defined as times close to local sunrise and sunset.

The results are shown in Table 7. 6.1 Primary Causal Factors — Overall

A global figure for the proportion of landings made at night isin the accident review carried out by the AAG, any number of
not known, but discussions with airlines and airfield operatorsausal factors may have been allocated, with one identifigd to
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Table 8 Table 9
Level of Confidence in Completeness of Most Frequent Primary Causal Factors
Accident Summary of 287 Fatal In 279 Fatal ALAs Worldwide
ALAs Worldwide 1980-1996
1980-1996 Primary Percent of
Percent of Causal Factor* /** Fatal ALAs 279 Fatal ALAs

Level Fatal ALAs 287 Fatal ALAs

_ Omission of action/
High 152 53% inappropriate action 69 24.7%
Medium 104 36% Lack of positional
Low 23 8% awareness in the air 52 18.6%
Insufficient information 8 3% Flight handling 34 12.2%
Total 287 100% “Press-on-itis” 31 11.1%
ALAs — approach-and-landing accidents involving jet and Poor professional
turboprop aircraft with a maximum takeoff weight greater than judgment/airmanship 12 4.3%
5,700 kilograms (12,500 pounds). .
U.S.S.R. — Union of Soviet Socialist Republics Total 198
Cl1S.— Cgmmonwealth of Ind.epe'ndent States *For which sufficient information was known to allocate causal
Note: Accidents to Eastern-built aircraft and operators from the factors
U.S.S.R./C.I.S. were not included for years before 1990. '
Source: U.K. Civil Aviation Authority/Flight Safety Foundation **Some ALAs had primary causal factors not among the five

most frequent primary causal factors.

. . ALAs — approach-and-landing accidents involving jet and
be the primary causal factor. Of the 287 ALAs, eight Were tyrmoprop aircraft with a maximum takeoff weight greater than

judged to have insufficient information available, leaving 279 5,700 kilograms (12,500 pounds).

for which causal factors were allocated. U.S.S.R — Union of Soviet Socialist Republics
C.I.S. — Commonwealth of Independent States

The most frequently identified primary causal factors in the Note: Accidents to Eastern-built aircraft and operators from the
q y p Yy U.S.S.R./C.I.S. were not included for years before 1990.

overall Sample of 279 accidents are shown in Table 9. Source: U.K. Civil Aviation Authority/Flight Safety Foundation

These five most frequently identified primary causal factors _
(out of a possible 64) account for 71 percent of the accidentglimary causal factors. Table 10 (page 12) shows the ranking of

All five primary causal factors are from the “crew” causal various primary factors for each class; the figures in parenttjeses
group, indicating that crew factors were involved. are the percentages of the accidents for that aircraft class

In these ALAS, the most common primary causal factor,lt is noteworthy that for the aircraft built and Operated in the
“omission of action/inappropriate action,” generally referredU.S.S.R./C.1.S., “press-on-itis” is the most frequent primary
to the crew continuing the descent below the decision heigif@use, but this is generally fourth in the ranking for other
(DH) or minimum descent altitude (MDA) without visual aircraft classes. “Flight handling” ranks first for Western-built
reference, or when visual cues were lost. The second moltrboprops, even though it is only third overall.
frequent factor, “lack of positional awareness in the air,” .
generally involved a lack of appreciation of the aircraft's 7.0 Analysis of All Causal Factors
proximity to high ground, frequently when the aircraft was
not equipped with a GPWS and/or when precision approaci.l
aids were not available; these were generally CFIT accidents.
As stated, the AAG allocated any number of causal factors to
Considering the causal groups (“A” in Appendix 1), rather thareach accident. Frequently, an accident results from a
individual factors, “crew” featured in 228 of the 279 accidentscombination of causal factors, and it is important to see|the
(82 percent), followed by “environmental” in 14 (5 percent). overall picture (the other contributing factors as well as [the
primary causal factor) rather than just the single primary factor.
The complete summaries of causal factors allocated, includingor this part of the analysis, primary factors have been included
primary causal factors, are shown in Appendix 4. along with all others. The average number of causal fagtors
allocated was 3.8. The largest number of causal factors
allocated was 10.

All Causal Factors — Overall

6.2 Primary Causal Factors by Aircraft Class

When each aircraft class is considered separately, there arbe most frequently identified causal factors in the sample of
considerable differences in the most frequently identified279 accidents are shown in Table 11 (page 13).
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Table 10
Ranking of Primary Causal Factors in 279 Fatal ALAs Worldwide, by Aircraft Class
1980-1996
Overall Western-built Eastern-built Western-built Eastern-built Business
Primary Causal Factor Ranking Jets Jets Turboprops Turboprops Jets
Omission of action/
inappropriate action 1 (24.7%) 1 (27.4%) = 2(12.5%) 3 (17.1%) 2 (18.7%) 1 (31.1%)
Lack of positional
awareness in the air 2 (18.6%) 2 (16.5%) = 2 (12.5%) = 1(19.5%) 3 (12.5%) 2 (20.3%)
Flight handling 3 (12.2%) = 3 (9.9%) = 4 (6.3%) = 1(19.5%) =4 (6.3%) 3 (9.5%)
“Press-on-itis” 4 (11.1%) = 3 (9.9%) 1 (31.2%) 4 (8.5%) 1 (37.5%) = 4 (5.4%)
Poor professional
judgment/airmanship 5 (4.3%) 5 (5.5%) . = 6 (3.7%) . = 4 (5.4%)
Deliberate nonadherence
to procedures 6 (2.9%) = 7 (2.2%) . = 8 (2.4%) =4 (6.3%) =6 (4.1%)
Wind shear/upset/
turbulence 7 (2.2%) = 7 (2.2%) = 4 (6.3%) = 6 (3.7%) . .
Failure in CRM
(cross-check/coordinate) 8 (1.8%) =14 (1.1%) . 5 (4.9%) . .
Icing =9 (1.4%) . . =11 (1.2%) =4 (6.3%) =8 (2.7%)
System failure ¢
flight deck information =9 (1.4%) =14 (1.1%) =4 (6.3%) =11 (1.2%) . =10 (1.4%)
ALAs — approach-and-landing accidents involving jet and turboprop aircraft with a maximum takeoff weight greater than 5,700 kilograms
(12,500 pounds). U.S.S.R. - Union of Soviet Socialist Republics C.I.S. — Commonwealth of Independent States CRM — crew resource
management < — No fatal ALAs were attributed to this primary causal factor in this class of aircraft.
Note: Accidents to Eastern-built aircraft and operators from the U.S.S.R./C.I.S. were not included for years before 1990.
Note: The complete list of primary causal factors has been shortened for this table. Factors that ranked high in the overall list (first column)
sometimes ranked lower for specific types of aircraft. In some instances, two or more primary causal factors occurred in equal numbers of
accidents, and the factors were assigned equal rankings. For example, some columns may contain two 3s, three 4s, etc.
In several instances, a factor shown in the table occurred in equal numbers of accidents with a factor not shown because the factor not
shown was not among those ranked 1 through 9 in the “overall ranking” column.
Source: U.K. Civil Aviation Authority/Flight Safety Foundation

The figures in the right-hand column indicate the proportior8.0 Analysis of Circumstantial Factors

of the 279 accidents to which the particular causal factor was

allocated; remember that each accident usually has sevegl  Circumstantial Factors — Overall

factors applied to it. Once again, all the five causal factors

most frequently selected were in the “crew” causal group. As stated in 3.3, a circumstantial factor was an event or agpect
that was not directly in the causal chain of events but cquld

The three most frequently identified causal factors each appegive contributed to the accident. The average number of

in about 40 percent or more of all accidents. circumstantial factors was 2.7. The most frequently identified

7.2  All Causal Factors by Aircraft Class in Table 13 (page 15).

shown for each aircraft class in Table 12 (page 14). referred, in the great majority of accidents, to the lack of GPWS
or, in some cases, lack of enhanced GPWS of the type that is
Again, “press-on-itis” appears as the most frequent, or equallyow (even if not at the time of the accident) available; this

the C.1.S., whereas it ranked only sixth overall. “Deliberatemight prevent in the future.
nonadherence to procedures” is seen also to be more frequent

factor. was actually one of the causes that led to the acciden
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Table 11
Most Frequent Causal Factors
In 279 Fatal ALAs Worldwide

1980-1996
Cited in Percent of

Causal Factor* Fatal ALAs 279 Fatal ALAs
Lack of positional
awareness in the air 132 47.3%
Omission of action/
inappropriate action 121 43.4%
Slow and/or low
on approach 109 39.1%
Flight handling 81 29.0%
Poor professional
judgment/airmanship 68 24.3%
Total 511**

* For which sufficient information was known to allocate causal
factors.

** Most ALAs had multiple causal factors.

ALAs — approach-and-landing accidents involving jet and
turboprop aircraft with a maximum takeoff weight greater than
5,700 kilograms (12,500 pounds).

U.S.S.R. — Union of Soviet Republics
C.I.S. — Commonwealth of Independent States

Note: Accidents to Eastern-built aircraft and operators from the
U.S.S.R./C.I.S. were not included for years before 1990.

Source: U.K. Civil Aviation Authority/Flight Safety Foundation

which case it was allocated as a causal factor, or inadequaiften fatal, rather than because they occur less often.
CRM appeared to be present, and if it had been to a higher
standard, might have helped to prevent the accident (i.e.,q2

circumstantial factor).

8.2  Circumstantial Factors by Aircraft Class

shown for each aircraft class in Table 14 (page 15).

There is some consistency in the five circumstantial factorglasses. But Eastern-built jets have “overrun” as a consequ

that occur most frequently, except for Eastern-built turbopropst nearly twice the frequency of the overall sample.
The “nonfitment of presently available safety equipment”

(essentially GPWS) was judged to be a factor in 47 percent of ) )

all ALAs. “Failure in CRM” was also a factor in at least 37 10.0 Analysis of Western-built Jets

percent of all the aircraft groups. Lack of ground aids —

basically, the lack of a precision approach aid or navigationarhis section presents an analysis of Western-built jet airl
aid — was an important factor (at least 25 percent of theperations by world regions; business jets are in a sep

accidents) across aircraft classes.

9.0 Analysis of Consequences

9.1 Consequences — Overall

As stated before, consequences are not seen as part of Miaeety-two of the 287 fatal ALAs (32 percent) involve
causes of accidents, but are relevant to a completlestern-built jets.

understanding of the accident history. A full list of the
consequences considered is shown in Appendix 1. The ave
number of consequences allocated was 1.9. Consequence
allocated even to those accidents (eight) that the A
considered to have insufficient information for the select
of causal or circumstantial factors. The most frequen
identified consequences in this sample of 287 ALAs are sh
in Table 15 (page 16).

“Collision with terrain/water/obstacle” and “CFIT” were th
most frequent consequences. The former implied that cof
of the aircraft had been lost (i.e., “loss of control in fligh
would also have been allocated), or severe weather or g
other factor had contributed to the impact; “CFIT,” on the ot
hand, was allocated when the aircraft was flown into the gro
and under full control. Where the impact with terrain occur
in circumstances where it was not clear whether or not
aircraft was under control, the former consequence
applied; this almost certainly underestimates the numbe
CFIT accidents.

Postimpact fire occurred in nearly a quarter of the accidg¢
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(and probably occurred in more). It should be noted that

“postimpact fire” was given as a consequence whenev
was known to have occurred. It also appears for sg
accidents as a causal factor; this indicates that in th

Br it
me
ese

accidents it was judged to have contributed to the fatalities.

(See 7.2, page 12.)

“Undershoots” can be seen to have been involved in m
fatal accidents; “overruns” were features of about half
many accidents — presumably because overruns are

Consequences by Aircraft Class

The ranking of the most frequent consequences is show
each aircraft class in Table 16 (page 16).

“Collision with terrain/water/obstacle” is the most frequen
cited consequence overall and in three of the five airc

class. Airclaims has provided utilization data, includi
numbers of flights flown annually for this category of aircrg
The fatal accident rates are shown in relation to the numb
flights, which provide the most useful and valid criterion
indicate safety standards. (See 3.7, page 3.)
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Table 12
Ranking of All Causal Factors in 279 Fatal ALAs Worldwide, by Aircraft Class

1980-1996
Overall Western-built  Eastern-built ~ Western-built Eastern-built Business

Causal Factor Ranking Jets Jets Turboprops Turboprops Jets
Lack of positional
awareness in the air 1 (47.3%) 1 (44.0%) = 1 (43.7%) 2 (42.7%) 2 (37.5%) 1 (59.5%)
Omission of action/
inappropriate action 2 (43.4%) 1 (44.0%) 3 (37.5%) 1 (43.9%) = 3 (31.2%) 3 (45.9%)
Slow and/or low
on approach 3 (39.1%) 3 (35.2%) 4 (31.2%) 4 (39.0%) = 3 (31.2%) 2 (47.3%)
Flight handling 4 (29.0%) 5 (27.5%) = 6 (18.7%) 3 (40.2%) = 5 (25.0%) 5 (21.6%)
Poor professional
judgment/airmanship 5 (24.3%) 4 (30.8%) = 9 (12.5%) 7 (19.5%) = 7 (18.7%) 4 (25.7%)
“Press-on-itis” 6 (21.5%) 6 (17.6%) = 1(43.7%) 6 (20.7%) 1 (50.0%) 6 (16.2%)
Failure in CRM
(cross-check/coordinate) 7 (15.8%) 7 (16.5%) = 6 (18.7%) 5 (22.0%) . 8 (10.8%)
Postimpact fire =8 (11.8%) = 8(14.3%) = 9 (12.5%) = 8 (13.4%) =10 (12.5%) 12 (6.8%)
Deliberate nonadherence
to procedures = 8 (11.8%) =17 (6.6%) = 6 (18.7%) 10 (11.0%) = 5 (25.0%) 7 (14.9%)

ALAs — approach-and-landing accidents involving jet and turboprop aircraft with a maximum takeoff weight greater than 5,700 kilograms
(12,500 pounds). C.I.S.— Commonwealth of Independent States CRM — crew resource management < — No fatal ALAs were
attributed to this causal factor in this class of aircraft.

Note: Accidents to Eastern-built aircraft and operators from the U.S.S.R./C.1.S. were not included for years before 1990.

Note: The complete list of all causal factors has been shortened for this table. Factors that ranked high in the overall list (first column)
sometimes ranked lower for specific types of aircraft. In some instances, two or more factors occurred in equal numbers of accidents, and
the factors were assigned equal rankings. For example, some columns may contain two 3s, three 4s, etc. In several instances, a factor
shown in the table occurred in equal numbers of accidents with a factor not shown because the factor not shown was not among those
ranked 1 through 8 in the “overall ranking” column.

Source: U.K. Civil Aviation Authority/Flight Safety Foundation

10.1 Fatal Accidents by Year suggests a significantly worsening trend. The growth 1
overall (best mean line) averages 4.5 fatalities per year. E
The 92 fatal accidents are shown in Figure 3 (page 17). the number of accidents and the number of fatalities

The number of accidents per year in Western-built jets averagesntinuing increase in the number of accidents and the nur
between five per year and six per year, with an increasing trerad fatalities is likely to become unacceptable to the pub
over the period of the study; the average growth (best meamless the trend is definitely checked or reversed.

line) is 0.11 accidents per year. One might hope, however,

that the figures since 1992 indicate a decreasing trend. ~ 10.3 Fatal Accidents by Region of Operator

10.2 Fatalities by Year The fatal ALAs for Western-built jets between 1980 and 1¢

The 92 fatal accidents during approach and landing tthere were no such accidents in Australasia.

Western-built jets between 1980 and 1996, inclusive, resulted

in 4,696 fatalities to passengers and crew, as shown in FiguEairope is shown by the 19 full-member JAA countries

4 (page 18). This gives averages of 51 fatalities per accideRurope and the other European countries. (See 10.7, pag

and 276 fatalities per year. The overall number of fatalities

divided by the number of occupants (passengers and cred.4 Fatal Accident Rates by Region of Operator

in all the accidents gives a measure of average survivability;

this figure is 61 percent. When the numbers of flights are applied to give the f3
accident rates per million flights of Western-built jets f

In the first eight years of the 17-year period, there were 1,804LAs, the comparisons are different, as shown in Figur

fatalities compared with 2,662 in the last eight years; thigpage 19).

ate
Both
are

growing by between 1 percent and 2 percent per year. A

nber
lic,

96

are shown in Figure 5 (page 18) by region of the operator;
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219.)
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Table 13
Ranking of Most Frequent Circumstantial Factors in 279 Fatal ALAs Worldwide

1980-1996
Circumstantial Factor* Cited in Fatal ALAs Percent of 279 Fatal ALAs
Nonfitment of presently available safety equipment
(GPWS, TCAS, wind-shear warning, etc.) 132 47.3%
Failure in CRM (cross-check/coordinate) 131 47.0%
Weather (other than poor visibility, runway condition) 103 36.9%
Poor visibility 89 31.9%
Lack of ground aids 81 29.0%
Total 536**

*For which sufficient information was known to allocate circumstantial factors.
**More than one circumstantial factor could be allocated to a single accident.

ALAs — approach-and-landing accidents involving jet and turboprop aircraft with a maximum takeoff weight greater than 5,700 kilograms
(12,500 pounds). U.S.S.R. - Union of Soviet Socialist Republics C.I.S. — Commonwealth of Independent States
GPWS - ground-proximity warning system TCAS — traffic-alert and collision avoidance system CRM — crew resource management

Note: Accidents to Eastern-built aircraft and operators from the U.S.S.R./C.I.S. were not included for years before 1990.
Source: U.K. Civil Aviation Authority/Flight Safety Foundation

Table 14
Ranking of Most Frequent Circumstantial Factors in 279 Fatal ALAs Worldwide,
By Aircraft Class
1980-1996

Overall Western-built  Eastern-built Western-built Eastern-built Business
Circumstantial Factor Ranking Jets Jets Turboprops  Turboprops Jets

Nonfitment of presently available
safety equipment (GPWS, TCAS,

wind-shear warning, etc.) 1 (47.3%) 1 (44.0%) =1 (50.0%) 2 (46.3%) 7 (12.5%) 1 (59.5%)
Failure in CRM

(cross-check/coordinate) 2 (47.0%) 2 (41.8%) =1 (50.0%) 3 (45.1%) = 3 (37.5%) 2 (56.8%)
Other weather (other than poor

visibility, runway condition) 3 (36.9%) 4 (28.6%) 3 (43.7%) 1 (50.0%) 1 (50.0%) 5 (28.4%)
Poor visibility 4 (31.9%) 3 (31.9%) =5 (25.0%) 4 (30.5%) 6 (31.2%) 3 (35.1%)
Lack of ground aids 5 (29.0%) =5 (25.3%) 4 (31.2%) =5 (26.8%) = 3 (37.5%) 4 (33.8%)

Inadequate regulatory
oversight 6 (23.7%) =5 (25.3%) =5 (25.0%) 5 (26.8%) 2 (43.7%) 7 (13.5%)

ALAs — approach-and-landing accidents involving jet and turboprop aircraft with a maximum takeoff weight greater than 5,700 kilograms
(12,500 pounds). U.S.S.R. — Union of Soviet Socialist Republics C.I.S. — Commonwealth of Independent States
GPWS - ground-proximity warning system CRM - crew resource management TCAS — traffic-alert and collision avoidance system

Note: Accidents to Eastern-built aircraft and operators from the U.S.S.R./ C.1.S. were not included for years before 1990.

Note: The complete list of most frequent circumstantial factors has been shortened for this table. Factors that ranked high in the overall list
(first column) sometimes ranked lower for specific types of aircraft. In some instances, two or more factors occurred in equal numbers of
accidents, and the factors were assigned equal rankings. For example, some columns may contain two 3s, three 4s, etc. In several
instances, a factor shown in the table occurred in equal numbers of accidents with a factor not shown because the factor not shown was
not among those ranked 1 through 6 in the “overall ranking” column.

Source: U.K. Civil Aviation Authority/Flight Safety Foundation
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Table 15
Most Frequently Identified Consequences in 287 Fatal ALAs Worldwide

1980-1996

Consequence Cited in Fatal ALAs Percent of 287 Fatal ALAs
Collision with terrain/water/obstacle 131 45.6%
Controlled flight into terrain (CFIT) 120 41.8%

Loss of control in flight 74 25.8%
Postimpact fire 65 22.6%
Undershoot 50 17.4%

Total 440*

*Some accidents had multiple consequences.

ALAs — approach-and-landing accidents involving jet and turboprop aircraft with a maximum takeoff weight greater than 5,700 kilograms
(12,500 pounds). U.S.S.R. — Union of Soviet Socialist Republics C.I.S. — Commonwealth of Independent States

Note: Accidents to Eastern-built aircraft and operators from the U.S.S.R. and C.1.S. were not included for years before 1990.
Source: U.K. Civil Aviation Authority/Flight Safety Foundation

Table 16
Ranking of Identified Consequences in 287 Fatal ALAs Worldwide, by Aircraft Class
1980-1996
Overall  Western-built Eastern-built Western-built  Eastern-built ~ Business
Consequence Ranking Jets Jets Turboprops Turboprops Jets
Collision with terrain/water/
obstacle 1 (44.6%) 1 (48.9%) =2 (31.2%) 1 (50.0%) 1 (47.8%) 2 (39.5%)
Controlled flight into terrain
(CFIT) 2 (41.8%) 2 (34.8%) 1 (56.2%) 2 (405%) =2 (31.6%) 1 (51.3%)
Loss of control in flight 3 (25.8%) 4 (22.8%) =6 (6.2%) 3 (38.1%) =2 (31.6%) 4 (18.4%)
Postimpact fire 4 (22.6%) 3 (27.2%) =4 (18.7%) 4 (17.9%) =5 (12.5%) 3 (26.3%)
Undershoot 5 (17.4%) 5 (18.5%) =2 (31.2%) 5 (16.7%) =5 (12.5%) 5 (15.8%)
Overrun 6 (9.8%) 6 (14.1%) 4 (18.7%) 6 (6.0%) =5 (125%) =6 (6.6%)
Ground collision
with object/obstacle 7 (7.0%) 7 (10.9%) =6 (6.2%) =9 (2.4%) =5 (12.5%) =6 (6.6%)

ALAs — approach-and-landing accidents involving jet and turboprop aircraft with a maximum takeoff weight greater than 5,700 kilograms
(12,500 pounds). U.S.S.R. - Union of Soviet Socialist Republics C.I.S. — Commonwealth of Independent States

Note: Accidents to Eastern-built aircraft and operators from the U.S.S.R./C.1.S. were not included for years before 1990.

Note: The complete list of identified consequences has been shortened for this table. Identified consequences that ranked high in the
overall list (first column) sometimes ranked lower for specific types of aircraft. In some instances, two or more identified consequences
occurred in equal numbers of accidents, and the identified consequences were assigned equal rankings. For example, some columns may
contain two 3s, three 4s, etc. In several instances, a factor shown in the table occurred in equal numbers of accidents with a factor not
shown because the factor not shown was not among those ranked 1 through 7 in the “overall ranking” column.

Source: U.K. Civil Aviation Authority/Flight Safety Foundation

Africa, South and Central America, and Asia are well abovéustralasia’s excellent record of zero fatal accidents me
the world average, Africa by a factor of more than five further consideration. This is against a background of
Australasia, North America and, to a lesser extent, Europe amngillion flights; this can be compared, for example, with t
below the world average. Europe is broken down into the JAAorth American sample of 14 fatal accidents in 110.8 milli
and the other European countries in section 10.7. flights. If Australasia had the same underlying accident i
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92 Fatal ALAs in Western-built Jets* Worldwide, by Year
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*Excludes business jets. ALAs — approach-and-landing accidents involving jet aircraft with a maximum takeoff weight greater than 5,700
kilograms (12,500 pounds). U.S.S.R. — Union of Soviet Socialist Republics C.I.S. — Commonwealth of Independent States
Note: Accidents to Eastern-built aircraft and operators from the U.S.S.R./C.I.S. were not included for years before 1990.
Source: U.K. Civil Aviation Authority/Flight Safety Foundation

Figure 3

as North America, one would expect, on average, one accidents  Determining, using Poisson distribution data, the

every 7.9 million flights; not having had an accident in number of fatal accidents that is unlikely to be exceeded

5.3 million flights does not necessarily indicate that the to the defined level of confidence (95 percent);

Australasian region is any better than North America. Though and,

the record in Australasia is good, one must be very cautious in

interpreting this result. (See also 10.5.) » Dividing this latter figure by the number of flights to
obtain a fatal accident rate that is equally unlikely|to

10.5 Fatal Accident Rates “Unlikely to Be be exceeded.

Exceeded,” by Region of Operator
The accident rates that the underlying rates are unlikely to

When analyzing a small number of events, the accident ratexceed are shown in Figure 7 (page 20).

derived may not be a reliable indication of the true underlying

rates. An accepted method in such a situation is to employ tiidote that when a 95 percent level of confidence is applied to

Poisson distribution to determine the maximum fatal acciderthe fatal accident rates, Australasian operators have a notjonal

rates, to a given level of confidence, within which range theccident rate figure, which is unlikely to be exceeded, of

underlying rates are likely to fall. For this analysis, this method0.57 per million flights rather than the actual rate of zero.

was applied to determine the accident rate which, to a 95 perceérttis takes into account the relatively few flights accrued|by

confidence level, is unlikely to be exceeded. This providesperators in that region.

pessimistic figures for the accident rates, for which there is only

a5 percent probability that the true underlying rates will exceed.0.6  Fatalities by Region of Operator

These rates unlikely to be exceeded are determined by: ~ The number of fatalities occurring in Western-built jets|in
ALAs between 1980 and 1996 inclusive was 4,696. The

» Considering the number of fatal accidents for eacHigures are shown by region of operator in Figure 8
population; (page 21).
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Fatalities in 92 Fatal ALAs in Western-built Jets,* by Year 1980-1996
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*Excludes business jets. ALAs — approach-and-landing accidents involving jet aircraft with a maximum takeoff weight greater than 5,700
kilograms (12,500 pounds). U.S.S.R. — Union of Soviet Socialist Republics C.I.S. — Commonwealth of Independent States

Note: Accidents to Eastern-built aircraft and operators from the U.S.S.R./C.1.S. were not included for years before 1990.
Source: U.K. Civil Aviation Authority/Flight Safety Foundation

Figure 4

92 Fatal ALAs in Western-built Jets,* by Region of Operator
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*Excludes business jets. JAA — Joint Aviation Authorities ALAs — approach-and-landing accidents involving jet aircraft with a maximum
takeoff weight greater than 5,700 kilograms (12,500 pounds). U.S.S.R. - Union of Soviet Socialist Republics C.I.S. — Commonwealth of
Independent States

Note: Accidents to Eastern-built aircraft and operators from the U.S.S.R./C.1.S. were not included for years before 1990.

**Regions defined by Airclaims and shown in Appendix 2.

Source: U.K. Civil Aviation Authority/Flight Safety Foundation

Figure 5
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92 Fatal ALAs in Western-built Jets,* Rates by Region of Operator

3
25 2.43
%) ]
=y i
= 2
c ]
= 1.65
E i
5 15 ]
o
[%]
IS
3
5 1 0.88
Q
<
0.5-—0.43
] 0.26
] 0.13
ol 0 [ ]
World Africa Asia Australasia Europe South/Central North
America America

Region**

*Excludes business jets. ALAs — approach-and-landing accidents involving jet aircraft with a maximum takeoff weight greater than 5,700
kilograms (12,500 pounds). U.S.S.R. - Union of Soviet Socialist Republics C.I.S. — Commonwealth of Independent States

Note: Accidents to Eastern-built aircraft and operators from the U.S.S.R./C.I.S. were not included for years before 1990.
**Regions defined by Airclaims and shown in Appendix 2.
Source: U.K. Civil Aviation Authority/Flight Safety Foundation

Figure 6

10.7 Fatal Accident Rates for the JAA Countries approach, final approach and landinghis covered all such

and Other European Countries known accidents to jet and turboprop airplanes having greater

than 5,700 kilograms (12,500 pounds) MTOW, including business

As mentioned earlier, Europe is divided into the JAA countriesjets, between 1980 and 1996. It excluded test flights and accigents
which use a common set of safety regulations and comprisesulting from terrorism and sabotage; Eastern-built aircraftfand
19 full-member countries, and the other European countriegperators from the U.S.S.R./C.1.S. were excluded prior to 1990.
Of the 12 fatal ALAs involving European operators (Figure 5,The following main conclusions were drawn:
page 17), seven involved JAA operators and five involved
operators from the other European countries. The numbers of L
flights for each group of countries were 42.8 million and 3.04
million respectively. This gives the following fatal accident
rates for approach-and-landing accidents:

There was an average of 14.8 fatal accidents dufing
approach and landing per year for non-U.S.S.R./C.|.S.
aircraft. There was an increasing trend that, if continded,
would result in 23 fatal accidents annually by 2010;

2. The overall number of fatalities to passengers and grew

» JAA full-member countries: 0.164 per million flights; members from all ALAs in the period was 7,185. The
and, non-C.1.S. aircraft can be expected to suffer 495
fatalities annually by 2010 if the overall trend

e Other European countries: 1.640 per million flights. continues:

The JAA full-member countries, therefore, have an accident 3- Of the 287 accidents, the majority occurred to aircraft
rate 10 times better than the other European countries, and ~ Used by operators from North America, South gnd

comparable with North America. Central America and Europe; most flights occurred in
these regions. Only five accidents involved operatprs

11.0 Conclusions from Australasia;

4. Sixty-two percent of the accidents occurred during
An analysis has been carried out to establish the primary causal passenger operations and 25 percent occurred during
factors, causal factors, circumstantial factors and consequences  freight, ferry and positioning flights when np
of the 287 fatal accidents recorded on the U.K. CAA database passengers were carried. These figures cannot reflect
for its Global Fatal Accident Reviewhat occurred during the relative number of flights flown for these purpoges
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*Excludes business jets.

Fatal ALA Rates of Western-built Jets* Unlikely to Be Exceeded**
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**At 95 percent confidence level

***Data for Europe are divided to show rates for the 19 full-member JAA countries and the other European countries.

****Regions defined by Airclaims and shown in Appendix 2.

Source: U.K. Civil Aviation Authority/Flight Safety Foundation

JAA - Joint Aviation Authorities ALAs — approach-and-landing accidents involving jet aircraft with a maximum
takeoff weight greater than 5,700 kilograms (12,500 pounds). U.S.S.R. — Union of Soviet Socialist Republics C.I.S. — Commonwealth of

10.

Figure 7

and suggest a far higher accident rate on freight, ferry
and positioning flights — possibly eight times higher;

For accidents where the type of approach was known, 11.

75 percent occurred when a precision approach aid was
not available or was not used;

Fifty percent of the accidents occurred during daylight,
39 percent occurred during night and 2 percent occurred
during twilight. Though the exact proportions of night and
day approaches are not known, it seems likely that the
accident rate at night is close to three times that for day;

Business jets suffered more accidents on night
approaches and landings than by day;

Fatal accidents to Western-built jets on approach and
landing average five per year to six per year, and there
is an overall increasing trend during the period of the
study. Fatalities average 276 per year and are
increasing. The average number of fatalities is 51 per
accident, and 61 percent of the aircraft occupants;

Most fatal accidents to Western-built jets occurred to
operators from South and Central America and Asia.
(See 10 below.);

The fatal accident rate for Western-built jets was highest
for Africa (2.43 per million flights) and South and

12.

13.

14.

15.

Central America (1.65 per million flights). Australasja
had no fatal accidents to Western-built jets;

When Europe is divided into the 19 full-member JAA
countries and the other European countries, JAA
countries have an accident rate for Western-built |ets
(0.16 per million flights) that is 10 times lower than
that for the other European countries;

The most common primary causal factor was judged
to be “omission of action/inappropriate action.” This
most often referred to the crew continuing the desgent
below the DH or MDA without visual reference ¢
when visual cues were lost;

=

The second most common primary causal factor, “lack
of positional awareness in the air,” generally related to
CFIT accidents;

When all causal factors (primary and contributory) are
considered, the most frequent are those referred to
above as primary causal factors, plus “slow and/or |ow
on approach,” “flight handling” and “poor professiongl
judgment/airmanship”;

Aircraft built and operated in the U.S.S.R./C.I.S. had
“press-on-itis” as the most frequent causal factor, eyen
though this was only sixth in the overall ranking;

20
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Fatalities in 92 ALAs in Western-built Jets,* by Region of Operator
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States
Note: Accidents to Eastern-built aircraft and operators from the U.S.S.R./C.I.S. were not included for years before 1990.
**Regions defined by Airclaims and shown in Appendix 2.
Source: U.K. Civil Aviation Authority/Flight Safety Foundation
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16. The most frequent circumstantial factors were 4. International Air Transport Association (IATA). World Ai

“nonfitment of presently available safety equipment” Transport Statistics — IATA Members’ Air Transpoft

(generally GPWS) and “failure in CRM.” “Lack of Operations.
ground aids” was cited in at least 25 percent of
accidents for all classes of aircraft; and, 5. U.K. CAA Economic Regulation Group. “Fixed Wing A

17. The most frequent consequences were “collision with
terrain/water/obstacle,” and “CFIT.” These were
followed by “loss of control in flight,” “postimpact fire”
and “undershoot.” Eastern-built (U.S.S.R./C.1.S.) jets Further Rea_ding from
had fatal overruns as a consequence at nearly twice : :
the frequency of the overall sample. FSF Publications

note, Dec. 22, 1997).
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1998. into-terrain (CFIT) Accidents of Commercial Operators, 19
through 1994.Flight Safety DigestYolume 15 (April-May
. Airclaims Ltd. World Aircraft Accident Summary, 1980— 1996): 1-45.
1996.
Flight Safety Foundation. “Dubrovnik-bound Flight Crew
. Ashford, R. Global Airline Safety — The Problem andImproperly Flown Nonprecision Instrument Approach Rest
Possible Solutions. Report no. RA/9703. Novembein Controlled-flight-into-terrain AccidentFlight Safety Digest
1997. Volume 15 (July—Aug. 1996): 1-25.
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Appendix 1
Factors and Consequences Attributed to Fatal Approach-and-landing Accidents

A Causal Group Causal Factor
A.1  Aircraft systems 1.1 System failure — affecting controllability
1.2 System failure — flight deck information
1.3 System failure — other
A.2  Air traffic control/Ground aids 2.1 Incorrect or inadequate instruction/advice
2.2 Misunderstood/missed communication
2.3 Failure to provide separation in the air
2.4 Failure to provide separation on the ground
25 Ground aid malfunction or unavailable
A.3  Environmental 3.1 Structural overload
3.2 Wind shear/upset/turbulence
3.3 Icing
3.4 Wake turbulence — aircraft spacing
3.5 Volcanic ash/sand/precipitation, etc.
3.6 Birds
3.7 Lightning
3.8 Runway condition unknown to crew
A4 Crew 4.1 Lack of positional awareness in the air
4.2 Lack of positional awareness on the ground
4.3 Lack of awareness of circumstances in flight
4.4 Incorrect selection on instrument/navaid
4.5 Action on wrong control/instrument
4.6 Slow/delayed action
4.7 Omission of action/inappropriate action
4.8 “Press-on-itis”
4.9 Failure in crew resource management (cross-check/coordinate)

4.10 Poor professional judgment/airmanship
4.11 Disorientation or visual illusion

412 Fatigue

4.13 State of mind

4.14 Interaction with automation

4.15 Fast and/or high on approach

4.16 Slow and/or low on approach

4.17 Loading incorrect

4.18 Flight handling

4.19 Lack of qualification/training/experience
4.20 Incapacitation/medical or other factors reducing crew performance
4.21 Failure in look-out

4.22 Deliberate nonadherence to procedures

A5 Engine 5.1 Engine failure or malfunction
5.2 Propeller failure
5.3 Damage due to noncontainment
5.4 Fuel contamination
5.5 Engine failure simulated
A.6  Fire 6.1 Engine fire or overheat
6.2 Fire due to aircraft systems
6.3 Fire — other cause
6.4 Postimpact fire
A.7  Maintenance/Ground handling 7.1 Failure to complete due maintenance
7.2 Maintenance or repair error/oversight/inadequacy
7.3 Ground staff or passenger(s) struck by aircraft
7.4 Loading error

7.5 Bogus parts
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Appendix 1
Factors and Consequences Attributed to Fatal Approach-and-landing Accidents
(continued)
A Causal Group Causal Factor
A.8  Structure 8.1 Corrosion/fatigue
8.2 Overload failure
8.3 Flutter
A.9 Infrastructure 9.1 Incorrect, inadequate or misleading information to crew
9.2 Inadequate airport support
A.10 Design 10.1 Design shortcomings
10.2 Unapproved modification
10.3 Manufacturing defect
A.11 Performance 111 Unable to maintain speed/height
11.2 Aircraft becomes uncontrollable
A.12 Other 12.1 Caused by other aircraft
12.2 Nonadherence to cabin safety procedures
B Circumstantial Group Circumstantial Factor
B.1  Aircraft systems 1.1 Nonfitment of presently available safety equipment (ground-proximity warning
system, traffic-alert and collision avoidance system, wind-shear warning, etc.)
1.2 Failure/inadequacy of safety equipment
B.2  Air traffic control/Ground aids 2.1 Lack of air traffic control
2.2 Lack of ground aids
B.3  Environmental 3.1 Poor visibility
3.2 Weather
3.3 Runway condition (ice, slippery, standing water, etc.)
B.4  Crew 4.1 Training inadequate
4.2 Presented with situation beyond training
4.3 Failure in crew resource management (cross-check/coordinate)
B.5 Infrastructure 5.1 Incorrect/inadequate procedures
5.2 Company management failure
5.3 Inadequate regulation
54 Inadequate regulatory oversight
B.6  Other 6.1 lllegal/unauthorized/drug smuggling flight
C Consequence
C.1  Controlled flight into terrain (CFIT)
C.2  Collision with terrain/water/obstacle
C.3  Midair collision
C.4  Ground collision with other aircraft
C.5 Ground collision with object/obstacle
C.6  Loss of control in flight
C.7  Fuel exhaustion
C.8 Overrun
C.9 Undershoot
C.10 Structural failure
C.11 Postimpact fire
C.12 Fire/smoke during operation
C.13 Emergency evacuation difficulties
C.14 Forced landing — land or water
C.15 Other cause of fatality
Level of confidence* D—Iigh Ij/ledium W Esufﬁcient information
*The AAG recorded the level of confidence for each accident to reflect the group’s confidence in its analysis as a whole, not for
individual factors and circumstances.
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Appendix 2
Regions* and Countries

Africa Asia Pacific Islands
Algeria Afghanistan Palau .
. Papua New Guinea
Angola Bahrain Solomon Islands
Benin Bangladesh Tonaa
Botswana Bhutan v g .
Burkina Faso Brunei V\f/inua u s
Burundi Cambodia estern Samoa
Cameroon China Europe
Cape Verde Islands Hong Kong o
Central African Republic India \(J:AIASfuII-metrr_lber_r;olgn.trles ibold and
C_had_ Indonesia .I.S. countries iitalic:
Ciskei Iran Albania
Comoros Iraq Armenia
congo : Israel Austria
D?moc_ranc Republic of Congo Japan Azerbaijan
Djibouti Jordan Belarus
Egypt Korea Belgium
Ethiopia Kuwait Bosnia-Herzegovina
Gabon Laos Bulgaria
Gambia Lebanon Croatia
Gh.ana Macau Cyprus
gu!nea Bi Malaysia Czechoslovakia
uinea-sissau Maldives Czech Republic

:zlory Coast Mongolia Denmark
nggtio Myanmar Estonia
Liberia Nepal Faroe Islands
Libya Oman Finland
Madagascar Pakistan France

. Palestine Georgia
Malawi o
Mall Philippines Germany
Mauritania g:ltj?jri Arabia Sioraltar
Mauritius Singanore Greece
Morocco S gL pk Greenland
Mozambique S“ Lanka Hungary
Namibia yrna Iceland
Niger Taiwan Ireland
Nigeria T_halland Italy
Republic of Bophuthatswana Vietnam Kazakstan
Rwanda Yemen Kyrgyzstan
Sao Tome and Principe Australasia Latvia
Senegal _ Lichtenstein
Seychelles American Samoa Lithuania
Sierra Leone Australia Luxembourg
Somalia Cook Islands Macedonia
South Africa Fiji _ Malta
Sudan French Polynesia Moldova
Swaziland Guam Monaco
Tanzania Kiribati Montenegro
Togo Marshall Islands Netherlands
Tunisia Nauru Norway
Uganda New Caledonia Poland
Zambia New Zealand Portugal
Zimbabwe Northern Marianas Islands Romania
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Russia
Serbia
Slovakia
Slovenia
Spain
Sweden
Switzerland
Tajikistan
Turkey
Turkmenistan
Ukraine
United Kingdom
U.S.S.R.
Uzbekistan
Yugoslavia

North America

Anguilla

Antigua & Barbuda
Aruba

Bahamas
Barbados
Bermuda

Canada

*Regions defined by Airclaims

Appendix 2

South/Central America

Argentina
Belize
Bolivia

Regions and Countries  (continued)
Cayman Islands Brazil
Cuba Chile
Dominica Colombia
Dominican Republic Costa Rica
Grenada Ecuador
Guadeloupe El Salvador
Haiti Falkland Islands
Jamaica French Guyana
Martinique Guatemala
Montserrat Guyana
Puerto Rico Honduras
St. Kitts & Nevis Mexico
St. Lucia Nicaragua
St. Pierre & Miquelon Panama
Trinidad & Tobago Paraguay
St. Vincent & the Grenadines Peru
Turks & Caicos Islands Suriname
United States Uruguay
Virgin Islands (U.S. and British) Venezuela
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Austria
Belgium
Denmark
Finland
France
Germany

Greece

Appendix 3
Joint Aviation Authorities Full-member Countries

* Iceland .
* lIreland .
e ltaly .
e Luxembourg .
* Monaco .

* Netherlands

* Norway

Portugal
Spain
Sweden
Switzerland

United Kingdom

26

FLIGHT SAFETY FOUNDATION *FLIGHT SAFETY DIGEST « FEBRUARY-MARCH 1998




s1al ssauisng Buipn|ox3

z€ z€ 0 yoeoidde uo moj Jo/pue mo|S 9T
6 6 0 yoeoudde uo ybiy Jo/pue 1se4 STV
L g r4 uonewolne Yyum uonoesall|  pT'Y
T 0 T pulw jo arels ET'Y
€ € 0 snbneq4 2Ty
€ e 0 uoIsn||i [ensiA 1o uonelualosig IV
82 o4 o] diysuewrepuawbpnl reuoissajoid 1ood otV
GT T T (812UIPI002X28YI-SS04D) JUBWSLRURW 82IN0Sal M3ID Ul din|ied 6V
91 L 6 SI-uo-ssald, 8'v
ov GT G2 uonoe arelidoiddeuluonoe Jo UOISSILIO LY
1T 6 4 uonoe pakelap/mols 9y
T T 0 wawnisul/|ouod Buoim uo uondy Sy
2z 2z 0 preAeu/JUSWINIISUI UO UOID3[8S 1931100U| vy
T T 0 1yBijy Ul S8JUBISWNIIID JO SSAUAIBME JO YoeT] o7
0 0 0 punolib ay} uo ssauaseme [euonisod Jo xoeT A
ov G2 ST Ire ay} uj ssauaseme [euonisod Jo yoe TV Mmal1y  vv
v € T MB12 0] UMOUXUN UONIPUOD Aemuny g8'c
0 0 0 Buiiybiy L'e
0 0 0 spiig 9'¢
Z b4 0 ‘019 ‘uonendioald/pues/yse olued|oA g€
0 0 0 Buioeds yeiolre — aosuajnginy ayep v'e
0 0 0 Buio| €€
(0] 8 4 aous|ngJniaasdn/ieays puipn A
0 0 0 peo|Ian0 [eIn1dNNS Te [eluswUOlIAUT £V
2z 2z 0 d|qe|leAeUN 1O UOOUNYEW ple punoi9 G2
b4 T T punoib ayi uo uonesedas apinoid 01 ainjre4 ar
b4 z 0 re ay} ui uoneledas apinoid 03 ainjreq o
v 7 0 uoIIeIUNWWOD PASSIW/PO0ISIBPUNSIN 2
0T 6 T 92IApB/UONONIISUl d1enbapeul 10 1981100U] T2 Sple punoi9y/|oauod aien iy  zZ'v
v ¥ 0 18410 — ain|re} WwalsAs T
€ [ T uolyeuniojul 93p ybly — ain|ie} wWalsAs [
6 / Z Ajige|jonuod Bunodsye — ainjey WalsAS T1T swalsAs yelolly TV
[elol [esned Arewid 1010€4 [eSne) v

SIUBPINDY Ul PaIID SaWl] Jo JIaquinN

¥S19[ 1|INQ-UI21SOM\ ul SJuap109y Bulpue|-pue-yoeoiddy [ejeq g6 01 pain

T'¥ Xipuaddy

quNY Saauanbasuo) pue siojoe4

27

FLIGHT SAFETY FOUNDATION *FLIGHT SAFETY DIGEST « FEBRUARY-MARCH 1998



s1al ssauisng Bulpn|ox3 «

0 0 0 salnpadsoid Aleyes uiged 0} adualaypeuoN 22T
T 0 T yeloldre Jaylo Ag pasne)d 12T BYo 2TV
8 8 0 3|ge||03U02UN SBW023q Yeldlly 211
¥ ¥ 0 1ybBiay/paads ureiurew o1 ajqeun T1T aouewlopad TIT'V
T T 0 108)9p BunnoryNuUe €0T
0 0 0 uoneoipow panoiddeun 20T
€T A T sbuiwoopoys ubisaq  T°0T ublseg 0TV
1% e T 1loddns 1od.re arenbapeu| 26
l / 0 M319 0} uolrewojul Buipes|siw Jo arenbapeul ‘1981100U| 16 ainnnselul 6V
0 0 0 Jann|4 €8
L L 0 ainjre} peopsnO 2’8
e T b4 anbije}/uoisolio) T8 ainpnis gV
0 0 0 sued snbog g/
0 0 0 Jous Buipeo vl
0 0 0 yeladre Ag yonns (s)sabuassed Jo Jeis punolio el
Z 0 Z Aoenbapeuinybisianoyiolia dredas 10 aoueuBURI Ay
0 0 0 aoueUaURW 3np 319|dwO0I 0} ainjreq T'/ Bulpuey punoig/eoueuszuielN LY
€T €T 0 aliy 10edwnsod A
e 0 e asned Jaylo — ali4 €9
T 0 T SWIalSAS 1elalre 01 anp ali4 2’9
T 0 T 1eayJano Jo aiy suibug T9 all4 9V
0 0 0 paye|nwis ainjre} auibu3 q'g
0 0 0 uolneulweluod |an4 v'G
1 T 0 juswiulelUOdUOU 0} anp abeweq eg
0 0 0 ainje} Jajjadoid 2'S
¥ ¥ 0 uonounyew Jo ainjre} auibugy TS aulbug gv
9 ¥ z salnpadoid 01 sdualaypeuou arelagiiag YA
Z 4 0 IN0-300] ul ainjreq vy
T T 0 aouewJlopad maid Buionpal si01oe) Jaylo 10 [edlpauwl/uoieldededu) 0z'v
9 9 0 aoualadxa/Buiures/uoneayijenb jo yoeq 6TV
14 91 6 Bupuey b4 8T'v
0 0 0 108.100Ul Buipeo 1TV
[elol [esned Arewd 101084 [esne)d \

SIUBPINDY Ul PalID S8l Jo JIaquinN

(panunuoa)  ,S1aC 1INQ-UIBISIMN

Ul S1uapI29y Bulpue|-pue-yoeoiddy [ered ze 01 pain

T'v xipuaddy

quIYy Seduanbasuo) pue siooe

FLIGHT SAFETY FOUNDATION *FLIGHT SAFETY DIGEST « FEBRUARY-MARCH 1998

28



uonewLo! Em_o_t:wc_.

92UBP1U0D JO [9A8T

s1al ssauisng 1daox3 «

0 Aljere) Jo asned 1syl0 ST'D
e Ja1em Jo pue| — Bulpue| padiod  $TD
¥ sannoIyip uonenaeas Aouabiawg €D
¥ uoneiado Bulnp ayows/all4 21D
Gz alyoedwnsod 11D
z ainje} feanlonns 01D
LT looysispun 6D
eT unieAO 8D
S uonsneyxs |on4 2D
Tc 461y Ul jonu0d Jo SSOT 9D
0T 8|0©15q0/193[g0 YuM UOISI||0d punois GO
T 1eIodre Jaylo Yum UoISI|jod punol D
T uois|jjod JrepiN - €D
G 8]0€1SgO/I91eM/UIRLIS) YIM UOISII0D 2D
43 (L142) urenssy oul by pajlonu0d  TO
S1UBPIDDY Ul PalD Sawl] Jo JaquinN aouanbasuo) o)
0 w61y Buybbnws Bnip/pazioyineun/eba|l 19 Bsylo 99
ez 1ybisiano Alore|nbal ayenbapeu| 'S
8 uoire|nbai arenbapeu g
8T aln|re} Juawabeuew Auedwo) 2'S
eT salnpasoid arenbapeulnoalioou) TS ainonnselu]  g'g
8¢ (81eUIPI009/X23Y2-SS012) JUSWabeurWw 82IN0Sa) MaJD Ul ainjied ey
6 Buiuren puoAag uonenls yum pajuasald v
/ arenbapeul Bulurel v MmalD  ¥'g
/ (-019 ‘1orem Bulpuels ‘Aladdijs ‘@21) uonipuod Aemuny ee
9¢ Jayrespi [
6¢ Anjiaisia sood TE [ejuswiuoJinug €'d
o spre puno.b Jo xoe 22
b4 ]0J3U09 e Jre Jo yoeT T2C Sple punoio/jouod aijen iy  z'd
b4 juawdinba A1ayes jo Aoenbapeul/ain|ie 1
oy (-019 ‘Bulurem Jeays-puim ‘Wa1SAS aoUBPIOAR UOISI||0 pue 1ia[e-olel] ‘WalsAS
Buiurem Anwixoid-punolb) Juswdinba Alajes a|ge|ieae Ajuasalid Jo JUsWIBUON TT swalsAs yesolly  T'9
SIUBPIDAY Ul PalID Sawl] JO JaquinN 101084 [ENURISWNIIID q

(panunuos)

¥S19[ 1|INQ-UIB1SAAN Ul S1UBpPIDdY Bulpuel-pue-yoeolddy [e1e4 g6 01 painqully Saduanbasuo) pue SioloeH

T'v xipuaddy

29

FLIGHT SAFETY FOUNDATION *FLIGHT SAFETY DIGEST « FEBRUARY-MARCH 1998



S S 0 yoeolidde uo moj Jo/pue mo|S 9T
% v 0 yoeoidde uo ybiy Jo/pue 1se4 STV
0 0 0 uonewoINe Yum uonoeiau| VTV
0 0 0 pulw jo 81Rl1S €T’V
T T 0 anbneq4  2T'vy
0 0 0 uoisn||l [ensiA 1o uonelualiosiq IV
Z z 0 diysuew.repuawbpnl reuoissajoid 10od 0TV
e € 0 (8reUIPI009/X23Y2-SS042) JUBWSHeURW 82IN0SBI M3JD Ul 8injre 67
L r4 g ,SII-Uo-ssald, 8
9 z ¥ uonoe areridoiddeul/uonoe Jo UOISSILIQ L'y
T T 0 uonoe pake|ap/mo|s 9t
0 0 0 JUBWINISUI/[0J1U0D BUOIM UO UONIY 8%
0 0 0 preAeU/UBWINIISUI UO UOI98|8S 1984100U] vy
0 0 0 1yB1jy Ul SEOURISWINDIID JO SSBUBIBME JO MoeT ey
0 0 0 punolb ayl uo ssauareme [euonisod Jo 3oeT A
A e 4 Ire 8y ul ssauaseme [euonisod Jo yoeT T MalD PV
0 0 0 M3J2 0] UMOUXUN UoIIpU0d Aemuny 8'c
0 0 0 Buiuybig L€
0 0 0 spJig 9¢
0 0 0 '019 ‘uonendioald/pues/yse olued|oA g€
0 0 0 Buioeds yelosre — aoua|nNginy axem v'e
0 0 0 Buio| €€
T 0 T aoua|ngJninasdn/ieays puip ze
0 0 0 peo|IaA0 [eINONNS T'e [eluswuolAUT €'Y
0 0 0 a|ge|leAgUN JO UOOUNRW Ple puUNoID Gz
0 0 0 punoib ay} ul uoneledas apinoid 03 ainjre A
0 0 0 e ayy ul uoneredas apinoid 01 ainjreq €z
0 0 0 UoIIB2IUNWIWOD PASSIW/PO0ISIBPUNSIIA 2
0 0 0 92IApE/UONONIISUl 8Yenbapeul 10 1081100U] T2 Sple punoi9/|ouod dien Iy 2V
T T 0 JaY10 — ain|ie} WalsAs T
Z T T uomrewIojul %2p By — ainjre} walsks 1
0 0 0 Aljige|ouod Bunosye — ainjie) WalsAS TT swalsAs yellly TV
[elo0l fesned Arewild lo10e4 [esne) v

SIUBPIDIY Ul PalD Sawl] Jo JaquinN

s1or )|In g-uJaise ul Suaplody buipuel-pue-yoeolddy [ere4 9T 01 pain

Z'¥ Xipuaddy

quNY seousnbasuo) pue sio1oeH

FLIGHT SAFETY FOUNDATION *FLIGHT SAFETY DIGEST « FEBRUARY-MARCH 1998

30



0 0 0 sainpadsoid A1afes uiged 0} 99UaIaYypeuoN rAr A
0 0 0 yeloure Jsyio Aq pssned  T'ZT SETTiTo A Y/
0 0 0 9|qe[|0J1u02UN SBW 093 Yelolly 21T
0 0 0 1yBray/paads urelurew 01 a|jgeun TTT aouewlolad TT'V
0 0 0 108)9p Buumorinuely  €0T
0 0 0 uoneoylipow panoiddeun  Z'0T
z z 0 sBuiwooiioys ubisaqg 10T ubiseg 0TV
z z 0 1loddns 1io0d.ire ayrenbapeu| 2’6
T T 0 MBI 0] uonew.oul Buipealsiw 1o ayenbapeul ‘1994100U| 6 ainpniaselyu] 6'Y
0 0 0 Janni4 €8
T T 0 ainjrej peolIsAQ Z'8
0 0 0 anbirey/uoisolio) T'8 ainpnns gV
0 0 0 sued snbog g/
0 0 0 lolis Buipeo v/
0 0 0 yeladre Ag yonas (s)sabuassed Jo Jeis punoio el
0 0 0 Aoenbapeuinybisianosiolia dredal 1o aourUBURI A
0 0 0 doueuUaURW anp 319|dwod 0} ainjre4 T/ Buiypuey punoio/eoueuaiurely LY
r4 r4 0 au1 19edwnsod v'9
0 0 0 asned Jayio — all4 €9
T T 0 SWIa1SAS 1elolre 0] anp all4 29
0 0 0 Teaylano Jo aliy aulbug 19 al4 9oV
0 0 0 paye|nwis ainjre} suibu3 S'S
0 0 0 uolreulweuod [an4 ¥'g
0 0 0 juswureIuooUOoU 0} anp abeweq €g
0 0 0 ainjre} Jajjadoid A
0 0 0 uonounyew Jo ainjre} sauibugy TS aulbugz gv
e e 0 sainpadsoid 0] 8dualaypeuou arelaqiiadg v
0 0 0 no-yoo| uraineq 1Y
0 0 0 aouewIouad malo Buronpal si019e] J8Yl10 Jo [edlpaw/uoireloedeou) 0zZ'vy
0 0 0 aoualladxa/Buluresnyuoiresiienb Jo yoeq 6T
€ 4 T Buipuey b4 8TV
0 0 0 108100ul Bulpeo] LTV
[elol [esned Arewld 1010€4 [esne)d v

SIUBPINDY Ul PalID S8l Jo JIaquinN

(panunuoa) s}ar 3N g-ulalse3 ul suaplddy Buipuel-pue-yoeoiddy [ere4 9T 01 pain

¢'v xipuaddy

gLy sadusnbasuo) pue si0}oe

31

FLIGHT SAFETY FOUNDATION *FLIGHT SAFETY DIGEST « FEBRUARY-MARCH 1998



uomewLIop| Em_u_t:m:_g Mo H wnipan H ybiH _M_ 35UaPIUOI JO 9N

0 Ajjere) jo asnes Jayl0  ST'D

0 Jayem Jo pue| — Buipue| padiod  vT'D

0 sannaip uonendens Aouablawg €10

T uonelado Bulnp ayows/all4 21D

I a1y 1oedwnsod ITD

0 ainjie} [einPnis  0T'D

S jooysivpun 6D

€ unuBnO LD

0 uonsneyxa |an4 2D

T Wby ur jouod Jo SSO7T 9D

T 9[0BISq0/193(g0 YuM UOISI||0d punolD GO

T Yeialle Jaylo Yum uoisijjod punois D

0 uoisijod Jlepin €0

S 9|0B]Sgo/iarem/ulelia)l Yum uoisijjog 2’0

6 (L142) uresssy ojun bl pajjonuod 10
SIUBPIJJY Ul PaND Sawil] JO JaquinN aousanbasuo) o)

0 61y BulBbnws Bnip/pazuoyineun;eba|| 19 Byo 99

1% ybisiano Aloreinbal syenbapeu 'S

T uone|nbai arenbapeu| g

[ aln|rey uswabeuew Auedwo) 2'S

T sainpadsoid ayenbapeul/1994100u| TS ainonnselnul  g'g

8 (812UIPI002/X08Y2-SS019) JUBWaheURBW 82I1N0SAI MaID Ul dinje4 o

0 Bulures) puoAaq uonenis yum pajuasald v

T ayenbapeul Bulures v maly  ¥'g

T (-019 ‘1orem Buipuels ‘Aladdijs ‘@a1) uonipuod Aemuny ce

L layresp [

14 Anjiqisia lood TE [eluswuoliaug - g'd

S spre punoifb jo xoe7 A4

0 |0]1U09 Jljel Jre Jo HoeT 4 sple punoio/olYy ¢'d

0 juawdinba A1ajes Jo Aoenbapeul/ainjieq 2T

(018 ‘Bujurem Jeays-puim ‘WalSAS 82UBPIOAE UOIS|[|09 PuUe 1d[e-dlel) ‘WalSAS)

8 Buiurem Awixosd punoib) Juswdinba Alayes ajgejrene Ajjuasaid Jo JuswiyUON TT swaisAs yesodly  T'9

SJUBPIdJY Ul PaND Sawl] JO JaquinN lojoeH [enueiswnoal) g
(penunuoa) SyaC JIN g-uiaise u| sluaplooy Buipuel-pue-yoeosddy [ere4 9T 0] painquny  Ssaduanbasuo) pue siojoe

¢'v xipuaddy

FLIGHT SAFETY FOUNDATION *FLIGHT SAFETY DIGEST « FEBRUARY-MARCH 1998

32



zZe Z€ 0 yoeolidde uo moj| Jo/pue mo|S 9T’
8 8 0 yoroudde uo ybiy Jo/pue 1se4 STV
0 0 0 uollewolne Yim uonoelau| yT'v
T 1 0 pulw jo 8IS €TV
0 0 0 anbneq4 2Ty
r4 1 1 uoIsn||l [ensiA Jo uonelualosia  TT'¥
91 1 IS diysuew.repuawbpnl reuoissajoid 1ood 0T’V
8T A ¥ (81eUIPI009/328Y2-SS04D) JUBWSBeURW 92IN0Sal M31D Ul diNnjied 6V
LT 0T L .ShI-uo-ssald, 8Y
9¢ 22 s uonoe arelidoiddeuluonoe Jo UoISSILIQO LY
€ € 0 uonoe pake|ap/mo|s 9y
0 0 0 uBwWNIsSUl/|0u09 Buoim uo uondy Sy
T 0 T plreAeu/JUSWINIISUI UO UOID3[8S 109.1100U] vy
T T 0 JyBIfy Ul SE2URISWINIIID JO SSBUBIBME JO YoeT] o7
0 0 0 punoJib uo ay) ssaualteme [euonisod Jo yoe A
Ge 6T 9T e 8y} ul ssauaseme euonisod Jo xoe T MalD) ¥vY
1 T 0 M312 0] UMOUXUN UONIPUod Aemuny 8'c
T 0 T Buinybn Le
0 0 0 spJid 9°€
z b4 0 ‘019 ‘uonendioald/pues/yse olued|oA G'e
0 0 0 Buioeds yeioie — aoua|nNginy axeM v'e
14 € T Buio) ee
8 S e 2ous|nginiiesdny/ieays puIp A
0 0 0 peO|IaA0 [eINIONNS T'e [eluswuoliAug €Y
z z 0 a|ge|reArUN JO UOdUN)eW ple punois GC
T T 0 punoib ay) uo uoneredas apinoid 01 ainjreq e
T T 0 re ayl ul uoneledas apinoid 01 ainjreq ez
T T 0 UOIRIUNWWOY PASSIW/PO0ISIaPUNSIA rard
¥ ¥ 0 99IApE/UONONIISUl 91enbapeul 10 1981100U] e spre punoio/olyY 2V
14 14 0 1810 — aln|ie} WalsAs 1
9 S 1 uoneuw.ojul Y98p 1o — ainjre} walsAs 2T
e b4 1 Aljige|jonuod Bunosye — ainjiel WalsAS 1 swalsAs yesolly TV
felol [esned Arewd 101084 [esne)d \"

SJUBPIDDY Ul PauD Sawl] Jo JaquinN

Ul SuapI29y Bulpuel-pue-yoseoiddy [ere4 g8 01 pain

sdoidogun] 1jINg-u191SapN

€'V xipuaddy

qrunv saouanbasuo) pue siojoeH

33

FLIGHT SAFETY FOUNDATION *FLIGHT SAFETY DIGEST « FEBRUARY-MARCH 1998



0 0 0 sainpadoid Alafes uiqed 0} 92UaIaypeuoN rAr A
0 0 0 Yyeloure Jaylo Aq pasne)d 12T BYylo 2TV
€ € 0 9|(e[|0J1U0dUN SBW098(q Yeldlly 21T
¥ ¥ 0 wybray/paads urelurew o3 ajgeun TTT aouewlopadd TIT'V
0 0 0 108jep Buumoeynue €01
0 0 0 uoneoyipow panrosddeun 20T
1T 6 4 sbuiwoopoys ubisea  T°0T ubisea 0TV
% ¥ 0 1loddns 1iod.re ayenbapeu| 2’6
2z 2z 0 MaI2 0} uonewuojul Buipealsiw 10 ayenbapeul 1984100U] T6 ainpniseyu|  6'vY
T T 0 Jann|4 €8
€ € 0 ain|rej peoIsAO '8
b4 T T anbirey/uoisolio) T8 ainpnins gy
0 0 0 syed snbog g/
e 2z T loua Buipeo] v/
0 0 0 yeJoure Ag xonuis (s)iabuassed 1o yeis punolo el
o] v T Aoenbapeuinybisianoyiolia dredas 1o aoueuBlURI Ay
0 0 0 doueualurew anp 819|dwod 0} ainjre4 T, Buypuey punoi9/eoueusiurey LY
1T 1T 0 aliy 10edwnsod 9
T 0 T asned Jaylo — aliq €9
0 0 0 SWwaIsAs Yeloure 0} anp ali4 29
T T 0 Teaylano 1o aliy auibug T9 ald 9V
T T 0 paye|nuwis ainjre} auibu3 qS'g
0 0 0 uolreulwejuod |an4 ¥'g
2z 0 2z juswureIUOdUOU 0} anp abeweq €G
T 0 T ain|rey J19|18doid Z'S
S S 0 uonounyew Jo ainjre} auibugy TS auibug gvy
6 . 2z sainpadoid 0} adualaypeuou arelsaqiiag YA
€ Z T IN0-X00] ul ainjreH Ty
Z b4 0 aouewlopad maio Buionpal si0loe} Jaylo 10 [edipawl/uoieldededu) 0z’
9 9 0 aoualiadxa/buluresiuoiresiienb o yoe 6TV
ee LT 9T Buipuey b4 8Ty
€ 2z T 108.1100ul Buipeo LTV
[elol [esned Arewid lo10e4 [esne)d v

SJUBPIDY Ul PaND S8wi] JO JagquinN

ul SJuapIdy Bulpuel-pue-yoeoiddy [ere4 8 01 pain

(penunuoo)  sdosdoquny I INQ-UIBISONN

€'v Xipuaddy

quNY Sasuanbasuo) pue siojoe4

FLIGHT SAFETY FOUNDATION *FLIGHT SAFETY DIGEST « FEBRUARY-MARCH 1998

34



uolew.oul Em_o_t:mc_u

>>o._Q

E:_umﬁ cm_IH

290UBPIUOI JO [9ADT]

T Anjerey jo asned 1BYIO  ST'D
z Jarem Jo pue| — Buipue| padiod  $TD
v sannauyip uonenoens Aouablawg €10
b4 uonesado Buunp ayows/aild4 21D
ST aiyoedwnsod TTD
€ ain|ie} [einonis  0T'D
vT jooysispun 60
S unuanQ 8D
0 uonsneyxa |an4 1D
[4> By Ul jonuod Jo SS071 9D
z 9[2e15(0/193[go Y1Mm UOISI|j0d punol GO
z Jeidlie 1aylo Yum UoIS|j|0d punols ')
T uolisljjod JlepiIN - €D
tA%4 9JoeISqO/IaTem/ulelsal Yum uoisyjjod g0
ve (L142) urensay ojul Bl pajiouod 1D
SIUBPIDJY Ul PaNDd Sawli] Jo JaquinN aouanbasuo) o)

0 Wby bulbbnws Bnip/pazuoyineun/ebay 19 jsyio 99
22 wbisiano Aloreinbal arenbapeu| 'S
8 uone|nbai arenbapeu| €'g
12 ainjre} Juswabeuew Auedwo) FALS
A sainpadsoid ayenbapeuinoalioou] TS ainonnsenul  g'g
/€ (812UIPI009/328Y2-SS019) JusWabeurWw 821N0Sal MaID Ul dinjre4 v
T Bulures puokaq uonenis Yyim pajuasald A2
A arenbapeur Buluresp TV Mmaly  v'g
e ("018 ‘1orem Buipuels ‘Aladdijs ‘@21) uonipuod Aemuny ee
4% Jayres\ e
14 Annqisia lood TE [eluswuoliaug - g°d
22 spre punolb Jo xoe 22
T |03U0D diyjel] Jre Jo XoeT T2 Sple punoi9/|onuod dyen iy z'g
e juawdinba Aajes jo Aoenbapeul/ainjeq T
8¢ ("018 ‘Bulusem reays-puim ‘WaISAS 32UBPIOAR UOISI||09 pue 1aje-dljel] ‘WaisAs

Buiurem Anwixosd-punolb) Juswdinba A1ajes ajqe|ieae Apuasaid Jo JuswiyuoN TT SwalsAs yesolly  T'd

SIUBPIDJY Ul PaND Sawli] Jo JaquinN 10104 [enueiswnalD q

(penunuos)  sdosdoqiny 1JINQ-UIdISOAN

ul Sluap10dy Bulpuel-pue-yoeoiddy [eleq 8 01 painquiy Saduanbasuo) pue sio)oeH

€'v xipuaddy

35

FLIGHT SAFETY FOUNDATION *FLIGHT SAFETY DIGEST « FEBRUARY-MARCH 1998



S S 0 yoeoidde uo moj Jo/pue mo|S 9T
0 0 0 yoroudde uo ybiy Jo/pue 1se4 STV
0 0 0 uolfewoine yjm uondeisiu| iy
0 0 0 pulw jo arels €Ty
0 0 0 anfired 2TV
0 0 0 uoisn||i [ensia 1o uoneluallosig TV
e e 0 diysuew.repuaswbpnl reuoissajoid 1004 oT'v
0 0 0 (81eUIPI002X28YI-SS04D) JUBWSLeURW 82IN0Sal M3ID Ul dinjied 6V
8 r4 9 .ShI-uo-ssald, 8y
S 2z € uonoe arelidoiddeul/uonoe Jo UOISSILO IR%
1 1 0 uonoe pakelop/mols 9y
0 0 0 uswinisuy|0u0d Buoim uo uonay X%
0 0 0 pleABU/IUSWINJISUI UO UOI199|8S 1984100U] vy
0 0 0 61} Ul SBIURISWNDIID JO SSBUdIeME JO YorT R%
0 0 0 punoib uo ay) ssauaseme [euonisod Jo xoe v
9 % Z Ire ay} ul ssauateme [euonisod Jo 3oe ¥ MmaIlD PV
0 0 0 M812 0} UMOUXUN UORIPUOD Aemuny 8'c
0 0 0 Buiuybi L'e
0 0 0 spaig 9'g
€ € 0 '019 ‘uoirendioaid/pues/yse a1ued|on Ge
0 0 0 Buioeds yeloie — aouaInNginy axem v'e
€ 4 T Buio| €€
0 0 0 2ous|ngJniiesdn/ieays puipn zZ'e
0 0 0 peoJIaA0 [eINIdNAS Te [euswuolAUg €Y
0 0 0 a|ge|reABUN JO UOKOUNRW pIe punolo Gz
0 0 0 punoib ay: uo uoneredas apiroid o1 ainjre4 7'z
0 0 0 Ire ay ui uonesedas apiroid o1 ainjre4 o
0 0 0 UOoIe2IUNWWOD PasSIW/P00ISIaPUNSIN e
0 0 0 99IApE/UONONIISUI @1enbapeul 10 1931100U] T'Z  SPIV PUNoI9/|oiuod den Iy g2’y
0 0 0 1aY10 — ain|re} WalsAs €T
0 0 0 uorrewlojul 393p 1ybiy — ainjre} walsAs AN}
0 0 0 Aljige|jonuod Bunosye — ainjrey WalsAS T1 swalsAs yesolly TV
[elo0l [esned Arewid l010€4 [esne)d v

SIUBPIY2Y Ul PN [€101 JO IBqINN

ul SJuapIooy Bulpuel-pue-yoeoiddy [ere4 6T 01 pain

sdoidoqJny 3ing-uisise]

v Xipuaddy

qrunvy S9ouanbasuo) pue sio)joeH

FLIGHT SAFETY FOUNDATION *FLIGHT SAFETY DIGEST « FEBRUARY-MARCH 1998

36



0 0 0 sainpadsoid A1afes uiged 0} 99UaIaypeuoN 22T
0 0 0 Jesoure Jsyio Aq pssned  T'ZT SETTiTo A Y/
1 T 0 3|ge||041U02UN SBW023q Yeldlly 211
0 0 0 1ybBiay/paads urejurew 01 ajqeun T1I aouewlopad IT'V
0 0 0 108)9p Buumoeinuely  €°0T
0 0 0 uoneoyipow panroiddeun 20T
0 0 0 sbBuiwoouoys ubisaqg 10T ubiseg 0TV
1 1 0 1loddns 1io0d.re arenbapeu| 2’6
Z T T M3I2 0] uonewloul Buipealsiw 1o ayenbapeul ‘1994100U| 6 ainpniaselyu] 6'Y
0 0 0 Janniy €8
0 0 0 ain|rej peojisAQ Z'8
0 0 0 anbirey/uoisolio) T'8 ainpnins gV
0 0 0 s1ed snbog G/
T 0 T Joula Buipeo v
0 0 0 yeladre Ag yonas (s)Jabuassed Jo Jeis punolo el
0 0 0 Aoenbapeuinybisianoyiolia dredal 1o aourUBURI Ay
0 0 0 aourUaUIRW 3np 319|dwo9 0} ainjreq T'/ Bulpuey punoig/eoueuanuelN LY
r4 r4 0 aliy 1oedwnsod 7’9
0 0 0 asned Iaylo — allH €9
0 0 0 SWIa1sAs Jelalre 0] anp all 29
0 0 0 TeayJano Io aiy auibug T9 alld4 9V
0 0 0 pare|nwis ainjre} auibu3 g's
0 0 0 uolneulweluod |an4 v'g
0 0 0 juswiulelUOdUOU 01 anp abeweq eg
0 0 0 aunjrey Jajjadoid 2'S
0 0 0 uonounjjew Jo ainjie} auibug 1S aulbug gv
¥ e 1 salnpadoid 01 8dualaypeuou arelaglieg YA
0 0 0 no-yoo| uraineq  IZY
0 0 0 aouewlopad maid Bulonpal si1ojoe) Jaylo Jo [edipaw,uoneldedeou| 0z'vy
0 0 0 aoualiadxa/bulures/uoneolyijenb jo yoeq 6TV
% € T Buipuey b4 8TV
0 0 0 800Ul Buipeo 4TV
elol [esned Arewnd 101084 [esne)d \"

SJUBPINDY Ul PalID Sawl] Jo JIaquinN

Ul SluapI22y Buipuel-pue-yoseoiddy [ere4 6T 01 pain

(panunuos)  sdoidoqginy )Ing-ulalse]

' xipuaddy

quNY saouanbasuo) pue sio1oeH

37

FLIGHT SAFETY FOUNDATION *FLIGHT SAFETY DIGEST « FEBRUARY-MARCH 1998



uorewIoUl Em_o_t:w:_u

Mo !

wnipe[ 2] ubH[ 8]

90UBPIUOI JO |9/

0 Ajere} jo asned Jayio  ST'O
e Ja1eM 10 pue| — Bulpue| padiod4  ¥TD
0 sannoIyip uoirenodeas Aouablawl €10
0 uonesado Bunnp ayows/all4  ZT'D
4 asy edwnsod  TTD
0 ainjrey [elnonNns  0T'D
4 jooysispun 60
b4 unileAO 8D
b4 uonsneyxs |an4 /D
9 By Ul jonuod Jo sS01 9D
b4 8]0©1Sg0/193[q0 Y1M UOoISI||0d puUNoIS GO
0 JeJodle 18Yl10 YlIM UOISIj0D punol ')
0 uoisijjod JlepiN - €D
6 3|0e1SqO/Ia1eM/UIRLIB) YIM UOISII0D 2D
9 (L140) urensay our by pajjonuod 1O
SIUBPIJJY Ul pauD Sawl] Jo JaquinN aouanbasuo) o)

0 by BuyBbnws Bnip/pazoyineun/eba|l T9 pyo 99
] 1ybisiano Aiore|nbai ayenbapeu 'S
0 uone|nbal ayenbapeu G
9 aln|re} Juswabeuew Auedwo) 2'S
T salnpadsoid arenbapeulnoslioou) TS ainmonisenul g'g
9 (e1eUIPI009/%28Y2-SS042) JUBWSbeURW 92IN0Sa) M) Ul ainjred I
0 Buluren puoAag uoneniis Yim pajuasald A%
0 arenbapeul Buiuresp v maly  #'g
0 ("019 ‘1arem Buipuels ‘Aladdijs ‘9a1) uonipuod Aemuny ce
8 Jayres\ [
S Anjiqisia 1ood TE [eluswuolianug - g9
9 spre punolb Jo xoe 22
T |0J1U0D Jiyyel] de JO Yoe 12 sple punoioyjouod Jifen iy  z'g
0 juawdinba Aajes jo Aoenbapeul/ainjeq 2T
z ("019 ‘Bulusem reays-puim ‘WalSAS a2UBPIOAR UOISI||09 pue 1iaje-dljel] ‘WwaisAs

Buiurem Alwixoid-punoub) Juswdinba Aajes ajqe|reae Ajuasaid Jo JuswiyuoN TT swalsAs yenolly  T'g

SIUBPIDJY Ul pald Sawl] Jo Jaquiny 101984 [enueIswnalID q

(penunuoa)  sdoidogun] 1jINg-ulaise]

ul SJuapIddy Bulpuel-pue-yoeoiddy [ere4 6T 01 paingully Saduanbasuo) pue SioloeH

v'v Xipuaddy

FLIGHT SAFETY FOUNDATION *FLIGHT SAFETY DIGEST « FEBRUARY-MARCH 1998

38



Ge € T yoeoidde uo moj Jo/pue mo|S 9T
) / 0 yoroudde uo ybiy Jo/pue 1se4 STV
0 0 0 uoirewione Yim uonoelau| A
T 1 0 puiw Jo a1eIS  ET'P
S S 0 anbneq4  2T'v
2z 2z 0 uolIsn||i [ensiA 1o uonelualiosig IV
6T qT 14 diysuewrepuawbpnl reuoissajoid 1ood oT'¥
8 8 0 (212UIPI009/308Y2-SS0192) JUBWaheURW 921N0Sal MaID Ul dinjre4 6%
T 8 14 «ShI-uo-ssalid, 8V
14 TT €C uonoe areldoiddeul/uonoe Jo UOISSIWO L't
L L 0 uonoe pake|ap/mo|s 9y
0 0 0 uswinIsul/jouo9 Buoim uo uonoy S
¥ T e preAeu/JUSWINIISUI UO UOIID3[3S 109.1100U] 'y
T T 0 JyBIjy Ul SOURISWNDIID JO SSBUBIBME JO YoeT] ey
0 0 0 punoJB ayl uo ssauareme [euonisod Jo xoeT v
a4 62 ST Ire ay ul ssaualeme [euonisod Jo yoe v MaIlD PV
0 0 0 M9 0] UMOUXUN UORIPUOD Aemuny 8'e
0 0 0 Buinybn L€
T 0 T spJid 9¢€
Z Z 0 '019 ‘uonendioald/pues/yse dluedjoA e
b4 T T Buioeds yeiolre — asua|nginy ayem 'E
4 0 4 Buio) ee
€ € 0 aoua|nginiaasdny/ieays puipn A
0 0 0 peo|IaA0 [eINONNS T'e [eluswUOIIAUT £V
Z 2z 0 a|qe|ieA_UN 1O UONOUNYBW pPIe punolo Gz
0 0 0 punoib ay1 uo uoneredas apinoid 01 ainjreq v'e
T 0 T Ire ay) ui uonesedas apinoid 01 ainjre4 ol
0 0 0 UoIIIUNWWOID PASSIW/PO0ISIaPUNSIA rArd
2z 2z 0 99IApE/UOnONIISUI @1enbapeul 10 1981100U] T Sple punoi9y/|oauod aien iy  Z'v
0 0 0 19410 — ain|re} WalsAs €T
r4 T T uomrew.ojul 99p 1Bl — ain|re} waisAs AN
T 0 T Aujige|jonuod Bunosye — ainje} WalsAS TT swalsAs yelodly TV
el fesned Arewid loj1oe4 [esne)d v

SJUBPIDDY Ul PaUD Sawl] Jo JaquinN

S1ar SsauIsng ul SuapIddy bBuipuel-pue-yoeoiddy [ere4 9/ 01 pain

Gy Xipuaddy

quNV Sasuanbasuo) pue siojoe4

39

FLIGHT SAFETY FOUNDATION *FLIGHT SAFETY DIGEST « FEBRUARY-MARCH 1998



z b4 0 salnpasoid Alayes uiged 0] adualaypeuoN 221
0 0 0 yeloure 1ayio Agq pasned 12T J|sYylo ¢Tv
T T 0 3|ge||043U02UN SBWO029q Yeldlly rA N
z z 0 1ybiay/paads urejurew 01 ajqeun TTI aouewlopad IT'V
0 0 0 10848p Bunmoenuep €0T
0 0 0 uoneayipow panroiddeun 20T
1 1 0 sBuiwooiioys ubisaqg 10T ubiseg 0TV
Z z 0 1loddns 1od.re ayenbapeu| 2’6
e 2z T M319 0} uoirewopul Buipes|siw Jo ayenbapeul ‘198.1100U| 6 ainnnselul 6
0 0 0 Jenn|4 €8
0 0 0 aln|ie} peosnO 2’8
0 0 0 anbije)/uolsolio) T8 amnpnis 8V
0 0 0 sued snbog G/
0 0 0 Joula Buipeo vl
0 0 0 yeliadre Ag xonas (s)Jabuassed Jo Jeis punoio el
0 0 0 Aoenbapeuinybisianoyiolia dredal 1o aourUBURI A
0 0 0 aoueUaUIRW 3np 319|dwo9 0] ainjreq T'/ Bulpuey punoig/eoueuanuielN LY
S S 0 a1y 10edwnsod 9
0 0 0 asned Jaylo — all4 €9
0 0 0 SwIaIsAs yelodie 0] anp all4 29
4 z 0 TeayJano Io aly auibug T9 alld 9V
0 0 0 paye|nuwis ainjre} suibuz S’
1 0 1 uoljeulweIu0 |an4 'S
T T 0 juswiureluoduUOU 0} anp abeweq €'g
0 0 0 ainje} Jaj|adoid Z'S
Z T T uonounyew 1o ainjre} suibug TS aulbug gv
1T 8 I salnpadoid 01 soualaypeuou arelagiiag AR
T 0 T 1N0-X00] ul ainjreH YA 4
Z 0 Z aouewlopad maid Bulonpal si1ojoe) 1aylo Jo [edipaw,uoneldedeou| 0z'v
9 S 1 aoualiadxa/Bbulures/uoneolyijenb jo yoeq 6TV
9T 6 L Buipueyybiy 8TV
z b4 0 108.100Ul Buipeo 1TV
felol [esned Arewnd 101084 [esne)d \"

SJUBPIDIY Ul PauD Sawl] Jo JaquinN

(panunuoa)

S19[ ssauisng ul SJuapiody Bulpuel-pue-yoeoiddy [ereq 9/ 01 pain

St xipuaddy

qunv s9ouanbasuo) pue siojoeH

FLIGHT SAFETY FOUNDATION *FLIGHT SAFETY DIGEST « FEBRUARY-MARCH 1998

40



uonewWIoUI Em_o_tsmc_l 30.@ E:_Um_\,_ﬂ

ubiH[Se]

90UBPLUO0D JO [9AST]

0 Ajjere) jo asnes Jayl0  ST'D
T Jayem Jo pue| — Buipue| padiod 1D
0 sannaiyip uonenoens Aouablawy €10
z uonelado Bulnp ayows/all4 21D
0z alljoedwnsod TITD
0 ainjey feanonins 01D
cT looysispun 6D
S unieAnO 8D
¥ uonsneyxa jon4 2D
T b Ul |01JUOD JO0 SSOT 9D
G 3|0e1Sq0/103[q0 Y1M UOoISI||09 punois GO
0 1elodre 1aylo YIMm UoISI|jod punol D
4 uolis|jjod JlepiN- €D
o€ 2]0B]1Sg0/Ia1eM/UlelId) YUM UoISII0D 2D
6€ (1L142) ureissy ojul yBIy pajjouod  T'D
S1UBPIDAY Ul PalD Sawl] JO JaquinN aouanbasuo) o)
z W61y Bulbbnws Bnip/pazioyineun/eba|| 19 Byo 99
0T 1ybisiano Aiore|nbal ayenbapeu| v'g
I uonenbai arenbapeu g
AR aln|ie) Juawabeuew Auedwo) 2'S
G salnpasoid ayenbapeulnoaliodu) TS ainonnselul  g'g
v (8reUIpPI009/X238Y2-SS042) Juswalheuew 324N0Sal MaJd Ul ainjie4 ey
2z Buluren puoAaq uonenis Yim pajuasald A7
T arenbapeur Bulures TV Mmald  v'd
e (-018 ‘1orem Buipuels ‘Aladdijs ‘@21) uonipuod Aemuny e'e
1¢c Iayresp\ e
9z Aujgisia Jood T¢e [euswuolAug  €g
Gz spre punoib jo xoe7 ¢
T [043U0D Jlyjel} Jre JO XoeT 1¢C Sple punoi9/|jouod dijen iy  z'd
0 juawdinba Alayes jo Aoenbapeul/ainjieq 2T
44 ("018 ‘Bulurem Jeays-puim ‘Wa1SAS aoUBPIOAR UOISI||09 pue 1iaje-olel] ‘WalsAs
Buiurem Alwixoid-punoib) Juswdinba Aayes s|gejrene Apuasaid Jo JUBWIUON TT SwalsAs yeolly  T'd
SIUBPIDJY Ul PalD Sawl] JO JaquinN 1010B- [enueIswnolID q

(panunuoa)

S19r Ssaulsng ul Sluspiddy Bulpuel-pue-yoseolddy jere4 9/ 01 paingquny

G'v Xipuaddy

saouanbasuo) pue sioloe4

41

FLIGHT SAFETY FOUNDATION *FLIGHT SAFETY DIGEST « FEBRUARY-MARCH 1998



Aviation Statistics

NTSB Reports 1997 U.S. Airline Accident Fatalities
Lowest Since 1993

increased by 35 million in 1997. The number and rate of accidents classified as “ma,

FSF Editorial Staff

The number of fatalities in accidents involving air carriersNTSB category definitions). Major accidents dropped frg
operating under U.S. Federal Aviation Regulations (FARs) Pafi.43 per million miles flown in 1996 to 0.13 in 1997.
121 was substantially lower in 1997 than in 1996, according
to preliminary statistics released by the U.S. Nationallhere were 42 accidents on scheduled Part 121 air carrie
Transportation Safety Board (NTSB). including those added to the category during the year —
1997, compared with 32 the previous year (Table 3, page
The improvement was particularly notable because new U.&mong those carriers, the 1997 accident rate rose for
Federal Aviation Administration (FAA) rules that went into accidents (from 0.395 per 100,000 departuresin 1996 to 0
effect in March 1997 expanded the Part 121 category to inclugeer 100,000 departures in 1997), but declined for fatal accid
operations using aircraft with 10 or more seats operatinffrom 0.037 per 100,000 departures in 1996 to 0.032
scheduled passenger service. Total passenger enplanemek®,000 departures in 1997).
on airlines flying under Part 121 increased from 590 million
in 1996 to 625 million in 1997. Nonscheduled (charter) Part 121 airlines had seven accid
one of them fatal, in 1997 (Table 4, page 46). That compg
There were two passenger fatalities in Part 121 service in 199With six accidents, two of which were fatal, in 1996. The P
compared with 319 passenger fatalities in 1996 (Table 1, pad®21 nonscheduled airline accident rate increased from
43). A third fatality occurred in 1997 when a ground crewper 100,000 departures in 1996 to 1.87 per 100,000 depar
member was killed by the nosewheel of a wide-body aircrafin 1997, but the Part 121 nonscheduled airline fatal accig
The number of passenger fatalities was the lowest since 1993te declined from 0.53 per 100,000 departures to 0.27
when there were none. 100,000 departures during the same period.

Part 121 airlines had two major accidents and four seriouBecause random variation is an ever-present factor in
accidents in 1997, compared with six major accidents and nomelatively small annual numbers of aviation accidents, char
classified as serious in 1996 (Table 2, page 44, which includéom one year to the next may not be statistically significa

The record improved between 1996 and 1997, even though passenger enplanements

or

by the U.S. National Transportation Safety Board also decreased from 1996 to 1997.
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Table 1
Passenger Injuries and Injury Rates, 1982 through 1997,
For U.S. Air Carriers Operating Under FARs Part 121*
Total Passenger Million Passenger
Passenger Passenger Enplanements Enplanements per

Year Fatalities Serious Injuries (millions) Passenger Fatality
1982 210 17 299 1.4
1983 8 8 325 40.6
1984 1 6 352 352.0
1985 486 20 390 0.8
1986 4 23 427 106.8
1987 213 39 458 2.2
1988 255 44 466 1.8
1989 259 55 468 1.8
1990 8 23 483 60.4
1991 40 19 468 11.7
1992 26 14 494 19.0
1993 0 7 505 No Fatalities
1994 228 16 545 2.4
1995 152 15 561 3.7
1996 319 16 590 1.8
See note below
1997 2 21 625 3125

*Since March, 20, 1997, includes aircraft with 10 or more seats formerly operated under Part 135.

FARs — U.S. Federal Aviation Regulations

Note: Injuries exclude flight crew and cabin crew.

Source: U.S. National Transportation Safety Board
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Year Major Serious Injury Damage  Aircraft Hours Flown (millions) Major  Serious Injury Damage

Table 2
Accidents and Accident Rates by NTSB Classification, 1982 through 1997,
For U.S. Air Carriers Operating Under FARs Part 121*

Accidents Accidents per Million Hours Flown

1982 3 4 6 5 7.040 0.426 0.568 0.852 0.710
1983 4 2 9 8 7.299 0.548 0.274 1.233 1.096
1984 2 2 7 5 8.165 0.245 0.245 0.857 0.612
1985 8 2 5 6 8.710 0.918 0.230 0.574 0.689
1986 4 0 14 6 9.976 0.401 0.000 1.403 0.601
1987 5 1 12 16 10.645 0.470 0.094 1.127 1.503
1988 4 2 13 10 11.141 0.359 0.180 1.167 0.898
1989 8 4 6 10 11.275 0.710 0.355 0.532 0.887
1990 4 3 10 7 12.150 0.329 0.247 0.823 0.576
1991 5 2 10 9 11.781 0.424 0.170 0.849 0.764
1992 3 3 10 2 12.360 0.243 0.243 0.809 0.162
1993 1 2 12 8 12.706 0.079 0.157 0.944 0.630
1994 4 0 12 7 13.124 0.305 0.000 0.914 0.533
1995 3 2 14 17 13.510 0.222 0.148 1.036 1.258
1996 6 0 18 14 13.963 0.430 0.000 1.289 1.003
See note below

1997 2 4 24 19 15.290 0.131 0.262 1.570 1.243

*Since March 20, 1997, includes aircraft with 10 or more seats formerly operated under Part 135.

FARs — U.S. Federal Aviation Regulations
NTSB — U.S. National Transportation Safety Board

NTSB Accident Classifications:

Source: U.S. National Transportation Safety Board

Major: an accident in which any of three conditions is met:
« A Part 121 aircraft was destroyed;
* There were multiple fatalities; or,
* There was one fatality and a Part 121 aircraft was substantially damaged.

Serious: an accident in which either of two conditions is met:
« There was one fatality without substantial damage to a Part 121 aircraft; or,
* There was at least one serious injury and a Part 121 aircraft was substantially damaged.

Injury: A nonfatal accident with at least one serious injury and without substantial damage to a Part 121 aircraft.

Damage: An accident in which no person was killed or seriously injured, but in which any aircraft was substantially damaged.

44
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Publications Received at FSF
Jerry Lederer Aviation Safety Library

Researchers Find That Redesigned Type Il Exit
Aids Evacuation in Test

New book offers comprehensive overview of communication navigation surveillance,
air traffic management (CNS/ATM) system that will be the basis of
the future air navigation system (FANS).

FSF Editorial and Library Staffs

Reports ease with which study participants were able to evacuate
the aircraft cabin in a simulated emergency. Seating
configuration changes adjacent to the exit were also assg@ssed

The Design and Evaluation of an Improvement to the Type to evaluate any influence on the use of the Type Il ekit.

[l Exit Operating Mechanism. Cobbett, A.M.; Jones, J.I.; The research discussed in this paper showed that the [time

Muir, H. U.K. Civil Aviation Authority (CAA) Paper no. 97006. needed to exit the aircraft was significantly reduced using

September 1997. 69 pp. Tables, figures, appendices. Availalliee modified Type Il exit design compared with the

through CAA.* conventional design.

The Department of Aerospace Technology at Cranfieldhppendices: (A) Procedure for Selection of Shortlisted
University was commissioned by the CAA in 1994 to evaluateoncepts; (B) Consideration of Five Shortlisted Concepts;|(C)
the ease of use of the operating mechanism of Type Ill exit§onsiderations Leading to Final Concept Selection; (D)
and thus their accessibility for emergency aircraft evacuatiorbiagram of the Modified Type Il Exit; (E) Diagrams of the
Type 1l exits are used on a wide variety of civil aircraft. Two Seating Configurations; (F) Safety Placards; (G)
These exits are different from airframe main doors becausBuestionnaire; (H) Transcript of Preflight Briefing; (1)
they are not supported or attached to hinges or othémergency Evacuation Scenarios; (J) Raw Evacuation Times
mechanisms. and Participant Demographics. [Adapted from Introductjon
and Conclusions.]

Previous research and accident evidence have shown that many

passengers have experienced difficulty in operating Type llPersonality Characteristics of Pre/Post-Strike Air Traffi
exits when evacuating an aircraft. The weight of the hatch ca@ontrol Applicants.Schroeder, David J.; Dollar, Carolyn $.
be a factor (as much as [30.4 kilograms] 67 pounds on certainS. Federal Aviation Administration (FAA) Office of Aviation
wide-body aircraft), in addition to lack of space, obstructionsvedicine. Report no. DOT/FAA/AM-97/17. July 1997. 20 pp.
and the average passenger’s unfamiliarity with the operationables, figures, references, appendix. Available throligh
of the hatch. NTIS.**

For this study, a modified design was developed. The neWeywords:

design’s engineering was practical for application to Typeir Traffic Controller Applicants
[1l exit locations in both narrow-body and wide-body Personality

aircraft. Tests were conducted to compare the conventionglost-ATC Strike

design with the modified operating mechanism to study the6PF
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For more than 30 years, the FAA has used the 16 Personalithis report describes the requirements for a proposed flex
Factors (16PF) test to identify potential psychologicalaircraft cabin simulator that is able to simulate any type
difficulties in air traffic control specialist (ATCS) applicants. passenger aircraft cabin, from small commuter aircraft thro
The 16PF test was developed in 1949 by R.R. Cattell tumbo transport. Features include a hydraulic position
measure aspects of normal adult personality. Recentlgystem, making door sill height adjustable; modular des
changes in ATCS recruitment efforts and the effects of thenaking it possible to fabricate cabin components such as €
air traffic controllers’ strike in 1981 have altered the pool ofcontrolled interior and exterior lighting; and the use
applicants. Previous recruitment efforts focused on formemontoxic, vision-obscuring theatrical smoke. There is als
military air traffic controllers, while subsequent efforts havecabin-side pool to simulate an emergency water evacua
focused on attracting more women and minority applicantetails and costs of the associated building are also discu
This report is designed to examine the relationship between

the personality characteristics of a group of poststrike ATC&ontains many artist's conceptions of the proposed simul
applicants, studied in 1984, with a 1974 study by Karsomand surrounding facility. [Adapted from Introduction ar
and O’Dell, using data collected from the 1960s and earlpummary.]

1970s. Besides this comparison, the 1984 data can also

provide a baseline from which to evaluate the characteristiqSee “Flexible Cabin Simulator Would Broaden Range
of new air traffic controllers expected to enter the work forceCabin Evacuation Researciabin Crew Safetyluly—August
after the year 2000. 1996.]

Results of the 1984 study were found to be consistent witBesigning Selection Tests for the Future National Airspag
findings from the 1974 study despite demographic changeSystem ArchitectureBroach, Dana. U.S. Federal Aviatio
Male and female applicants had very similar personalityAdministration (FAA) Office of Aviation Medicine. Repor
profiles, and were found to be brighter than the averageo. DOT/FAA/AM-97/19. August 1997. 12 pp. Figure
individual. When compared with the general population, theeferences. Available through NTIS.**
study also revealed ATCS applicants to be less anxious and
more emotionally stable, self-disciplined and assertive. Keywords:

Selection
Appendix A consists of descriptive information for the factorsAir Traffic Control Specialist
from the 16PF test profile, Karson and O’Dell and theElectronics Technician
Administrator’'s manual for the 16PF. [Adapted from Research Planning
Introduction and Conclusions.]

There is a lack of empirical data that outlines the neces
A Flexible Cabin SimulatorMarcus, Jeffrey H. U.S. Federal abilities required to operate and maintain the emerging Nati
Aviation Administration (FAA) Office of Aviation Medicine. Airspace System (NAS) architecture as described in
Report No. DOT/FAA/AM-97/18. August 1997. 19 pp. National Airspace Architecture version 2.0, produced by
Figures. Available through NTIS.** FAA in 1996. This report describes the three-phase apprg

Keywords: performance requirements of the future NAS architectu

Evacuation and technological innovation in air traffic control an
Experimental Cabin Simulator maintenance systems.
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that the FAA is pursuing to identify the human abilities and

re,

Passenger Aircraft Evacuation while addressing the challenges of cost, generational change

d

Aircraft cabin simulators are frequently used to conducfhis effort involves the FAA Civil Aeromedical Institute (CAMI
experimental research on emergency passenger evacuatidnaining and Organizational Research Laboratory’s fut
Normally, these simulators are configured to represent a typicaklection-research program, which is designed to dev
airline passenger cabin, with research subjects attempting s$oientific tools and collect data to assess and evaluate the al
evacuate as quickly as possible. Aspects of cabin design (sulitely to be required of future air traffic controllers, technici
as the width of aisles) and operational procedures are variead systems specialists. The first phase of the research pr
so that the goal of cabin evacuation in the shortest possiblell develop a baseline profile describing the abilities requi
time can be studied. to use, operate and maintain the current NAS. The second
will develop and apply scientific tools to identify changes
Nevertheless, certain limitations exist with current cabinselection requirements in parallel with air traffic control a
simulators, which are usually either retired aircraft or othemaintenance systems development. The third and final pha
special-purpose simulators that duplicate only a single ahe research program will develop, validate and deliver
limited number of aircraft. Because of this, new designs sucpersonnel-selection technologies to reflect the human al
as multideck, multiaisle megatransports cannot be simulatednd performance requirements of the emerging N
thus restricting necessary research. architecture. [Adapted from Introduction and Summary.]
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Aviation Safety: FAA Oversight of Repair Stations Needs BOOKS

ImprovementU.S. General Accounting Office (GAO). Report

to Congressional Requesters, October 1997. Report no. GAGOhe Future Air Navigation System (FANSalotti, Vincent
RCED-98-21. 91 pp. Tables, figures, appendices. Availabl®. Brookfield, Vermont, United States: Ashgate Publish|ng
through GAO.*** Company, 1997. 362 pp.

Fleets operated by U.S. airlines and air cargo companiéthe communication navigation surveillance, air traffic
include more than 6,700 aircraft, almost 1,000 more than imanagement (CNS/ATM) environment of the 21st century
1990. Nearly half of the yearly maintenance, repair anghromises great benefits as new air routes are opened and|more
renovation of this fleet is carried out by about 2,800dynamic and flexible flight operations are accommodated all
independent repair stations at a cost approaching US$6dver the world. This concept for a future air navigatipn
billion a year. These stations are located worldwide and canfrastructure is being developed by the nations of the world
range from some which employ a small staff and fix a limitedn association with the International Civil Aviatioh
number of components, to others employing thousands @rganization (ICAO).
workers who do everything from routine engine maintenance
to rebuilding entire airframes. Although the concept’s implementation is progressing, only
technical manuals exist to describe the system’s congept.
Repair stations have been part of the industry for decades, lBalotti's book is the first of its kind, entirely dedicated o
their use has greatly increased recently because of the matiye CNS/ATM systems concept. Further, it describes |the
new carriers that find it more economical to contract out muckvorld’s vision for the future air navigation system (FANS)
of their maintenance work instead of building and staffing theicovering not just technical issues, but also institutional,
own facilities. There has been recent concern about U.8conomic, labor and human factors issues as well. Bach
Federal Aviation Administration (FAA) oversight of repair chapter includes a summary along with questions and
stations because work performed by repair stations has beerercises, which makes this book suitable as a text| for
identified as being a contributing cause in several aircrafiechnical schools, high schools and universities. Professignals
accidents, notably the accident involving a ValuJet DC-9 thawvho implement, operate and further develop the new system
was destroyed by an engine fire on a runway in June 1995.will also find it important and comprehensive. Contains [an
index.
This report set out to examine the following questions: (1)
What is the nature and scope of the oversight of repair statiofi$ie author currently works for ICAO in Montreal, Quebec,
conducted by the FAA?; (2) how well does the FAA follow upCanada, as a technical officer, air traffic management, and he
on repair station inspections to ensure that identifiethas worked as an air traffic controller for the U.S. Federal
deficiencies in the stations’ operations are corrected?; and (Byiation Administration (FAA) in the New York Air Routg
what steps has the FAA taken to improve oversight of repaifraffic Control Center. [Adapted from Introduction and
stations? Foreword.]

The following recommendations are made: (1) Increase thaviation Safety and Pilot Control: Understanding and
use of locally based inspection teams for repair statioRreventing Unfavorable Pilot-Vehicle Interactionslational
inspections, particularly for large, complex repair stationsResearch Council. Washington, D.C., United States: National
those with higher rates of noncompliance or those that me@icademy Press, 1997. 208 pp.
predetermined risk indicators. Develop and use checklists or
job aids to bring about greater comprehensiveness anrcraft-pilot coupling (APC) events usually occur when a pilot
standardization; (2) specify the documentation to be kept iis occupied with a highly demanding “closed-loop” control
repair station files to record inspection results and follow-upask, such as during air-to-air refueling operations|or
actions; (3) monitor the implementation of the strategy folmpproaches and landings, particularly if the pilot is concerned
improving the quality of the data for the FAA's new about bad weather, low on fuel or other circumstances. Adverse
management information system; and (4) expedite efforts tAPC events are rare, unintended and unexpected oscillations
update regulations for the oversight of repair stations, whiler divergences of the pilot-aircraft system, and can cguse
establishing and meeting schedules for completing theismatches between actual and expected aircraft resporjses.
updates.
Some recent accidents and incidents, both military and civilian,
Includes three appendices: (I) Objective, Scope antlave been attributed to adverse APC. To address this situation,
Methodology, which outlines the airlines and repair stationshe National Research Council, at the request of the U.S.
included in this review; (I) Survey Methodology; (I1l) Survey National Aeronautics and Space Administration (NASA),
Questions and Responses; and (IV) Major Contributors to Thisstablished the Committee on the Effects of Aircraft-Pilot
Report. [Adapted from Executive Summary and Results irfCoupling on Flight Safety. The committee evaluated the curfent
Brief.] state of knowledge about adverse APC and the processes that
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may be used to eliminate it. This book consists of finding$evels to the limit, crews carried cargo ranging from troops to
and recommendations developed by the committee based ammunition, medicine, spies and dogsled teams. Aircraft were
the information it collected and analyzed. kept operating by mechanics who sometimes borrowed parts
from visiting planes, or even fashioned parts from scrap metal
Findings and recommendations were submitted foand tin cans. The book describes what life was like for crews

consideration to the U.S. Air Force, U.S. Navy and U.S. Armyinside the transports, and for airmen on secret and dangerous
NASA; and the U.S. Federal Aviation Administration (FAA). missions across the globe. There are accounts of meetings

The committee concluded that in the short term, the risketween the airline owners and the staff of U.S. President
presented by adverse APC could be reduced by increas€danklin Delano Roosevelt's White House as they developed
awareness of APC possibilities and more disciplinedhe Air Transport Command (ATC) and Naval Air Transport
application of existing tools and capabilities throughout theservice (NATS).
aircraft development, testing and certification process. Many
advanced aircraft designs require new methods to address AHGe author gives grateful acknowledgment to Jerry Lederer,
risk. To develop these new methods, the committee concludéde President/Emeritus of Flight Safety Foundation, for
that long-term efforts are needed in the area of APC assessmenbviding background information on the development of the
criteria, analysis tools and simulation capabilities. airlines’ wartime training schools, which he helped to establish.
[Adapted from inside cover and Acknowledgments].
Appendices: (A) Biographical Sketches of Committee Members;
(B) Participants in Committee Meetings; (C) Details of Aircraft- sources
Pilot Coupling Examples; and (D) Research. Also includes a
glossary. [Adapted from Preface and Executive Summary.] *U_.K. Civil Aviation Authority (CAA)
Printing and Publications Services
When the Airlines Went to WalSerling, Robert J. New York, Greville House
New York, United States: Kensington Publishing Corp., 199737 Gratton Road
310 pp. Cheltenham GL50 2BN England

Robert J. Serling is a well-known aviation author who alsd*National Technical Information Service (NTIS)
wrote the bestsellefhe President’s Plane is Missing. When 5285 Port Royal Road

the Airlines Went to Watells the story of how America’s Springfield, VA 22161 U.S.

domestic airlines, including American Airlines, Trans World (703) 487-4600

Airlines, United Airlines and Pan American World Airways,

contributed to the U.S. military war effort in World War 1l. ***U.S. General Accounting Office (GAO)
Exchanging their civilian colors for olive drab, these domestid.O. Box 6015

airlines gave up half their fleets and their most skilled pilotsGaithersburg, MD 20884-6015 U.S.

mechanics and engineers. Extending their skills and endurantelephone: (202) 512-6000; Fax: (301) 258-4066

Updated Regulations and Reference Materials

U.S. Federal Aviation Administration Advisory Circulars (ACSs)

AC No. Date Title

183.29-1FF 12/18/97 Designated Engineering Representatives Consultant Dire¢€ancels AC 183.29-
1EE,Designated Engineering Representativadeted Dec. 18, 1996.)

International Reference Updates

Aeronautical Information Publication(A.l.P.) Canada

Amendment No. Date

2/98 23 April 1998 Updates the General, Aerodromes, Meteorology, Rules of the Air and Air Traffic
Services, and Airmanship sections of the A.l.P.

Airclaims

Update No. Date

107 27 March 1998 Updatdsajor Loss RecordVorldwide aircraft accident summaries through early
March 1998.

Joint Aviation Authorities (JAA)

Reference No. Date

01/13-5 1 February 1998 Revision to JAA Administrative and Guidance Material — Section Three| —

Certification.
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Accident/Incident Briefs

Incorrect Altimeter Setting Puts Aircraft on
Approach at 74 Meters above Field Elevation
While Eight Kilometers from Runway

Emergency helicopter strikes power line, killing pilot, nurses and accident
victim who was being transported to trauma center.

FSF Editorial Staff

The following information provides an awareness of problemstowed again. The second touchdown was harder (+2.8|Gs),

through which such occurrences may be prevented in the figut the aircraft stayed on the ground and was brought to a halt on
ture. Accident/incident briefs are based on preliminary infor-the runway.

mation from government agencies, aviation organizations,

press information and other sources. This information mayrhe approach was flown by the copilot, who had 68 hours in
not be entirely accurate. type.

Air Carrier Pilot Aborts Takeoff Without
Autothrottles

McDonnell Douglas MD-82. Substantial damage. No injuriges.

The runway at the Asian airport was (3,300 meters) 10,800
feet long; it was wet from light rain and had been described as
“slick.”

Wind-shear Alert in Clear Weather During the takeoff, just before reaching, Vhe aircraft's
autothrottles tripped off. The captain elected to abort|the

takeoff, but he was unable to stop the aircraft before the|end

Boeing 767-300. Substantial damage. No injuries.
of the runway.

The aircraft was in the final stage of a manually flown, daylight . . . :
instrument landing system (ILS) approach to an eastern Ug'he pilot steereq the aircraft to the left, _toward a taxiway, in
airport. The weather was clear, with winds of (30 kilometer" effort to avoid an overrun; .bUI the aircraft began to skid
per hour [kph] gusting to 46 kph) 16 knots gusting to 25 knots§|deways and came to rest on its fuselage, about (170 meters)
About five seconds before expected touchdown, at an altituo‘(':é58 feet beyond the runway end.
of nine meters (30 feet) above the ground, a wind-shear alert .
sounded in the cockpit. Cargo Compartment Fire
Forces Landing

There was no recorded aft movement of the aircraft’s control
column during the alert until about one second to two second3oeing 747. Minor damage. No injuries.
before touchdown.

The aircraft was on a scheduled international flight when a
The aircraft touched down hard (+1.9 Gs) and bounced. Whilire occurred in the cargo section. The captain used|the
airborne, the aircraft's ground spoilers partially deployed and theaircraft's emergency systems to extinguish the fire. He then
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(A
\‘ \ and the possibility of cargo shifting on takeoff.

Corporate

Pilot Ignores Warning Horn

Beech B100 King Air. Damage unknown. No injuries.

Executive
The pilot had landed 20 minutes earlier at a western U.S.
airport; on his approach to the airport, there had been three

]
/'.
green lights on the aircraft’'s instrument panel, indicating that

the landing gear was down and locked. Crosswmd Landmg In
Strong Winds Taxes Pilot
While taxiing for takeoff, the landing-gear warning horn
sounded. The pilot adjusted the squat switch to silence th@essna 650 Citation Ill. Substantial damage. No injuries.
horn, and then made a test flight to check the adjusted system.
Following a normal ILS approach to Runway 04 in daylig
During the subsequent landing, the left-main landing geagind clear weather, the aircraft touched down on its left-n

collapsed on rollout, and the aircraft veered off the runwayanding gear. Then its right-main landing gear made cont
and collided with a sign. and the aircraft bounced into the air before touching dg
again.
Damage Happened after the Landing
After a further ground run of (91 meters to 122 meters) 1

Beech B200 King Air. Substantial damage. No injuries.  feet to 400 feet, the left-main landing gear collapsed and
left wing hit the runway.

While en route, the pilot became concerned about his aircraft’s

fuel state and elected to divert. Weather was marginal, with Bhe wind was from 120 degrees at (46 kilometers per h

(214-meter) 700-foot ceiling and visibility of (488 meters) 25 knots, a right-hand crosswind of almost 90 degrees.

1,600 feet in fog. ] o )
Airport Utility Vehicle Stalls

The pilot made an ILS approach, but landed about (1,000 On Runway, Hit by Landing Aircraft
meters) 3,281 feet short of the runway.

Gulfstream Aerospace Gulfstream II. Aircraft destroyed.
The aircraft had apparently suffered little or no damage. Whegjuries.

the pilot decided to taxi forward onto the runway, the aircraft's

nose wheel rolled into a hole and substantial damage occurregh g night landing in clear weather, the aircraft collided w
to the aircraft. an airport utility vehicle that had stalled on the runway.
Cargo Aircraft Fails to Stay Airborne The crew of the utility vehicle had been cleared onto Runv

31 about 40 minutes earlier to work on the runway center
Fokker F-27. Aircraft destroyed. One fatal, five serious injurieslights. Some time after that the vehicle became disabled.

aircraft had been cleared to land by the tower local contrg
The cargo-configured aircraft took off from Runway 06 at an Africarwhen the aircraft was about (19 kilometers) 12 miles from
airport in daylight and visual meteorological conditions (VMC).airport.

requested clearance for an unscheduled landing. The aircrdfhe aircraft’'s landing gear was seen to retract immediately

landed without further incident at 0500 local time. after the aircraft became airborne. The aircraft then settled
back onto the runway in a right-wing-low attitude, and the
Airport officials said that the fire had been caused by amight wing and no. 2 propeller struck the ground.
electrical fault, but gave no details. There were no casualties
on board the aircraft. The aircraft continued to slide on its fuselage, off the end of
the runway and across rough ground, finally coming to rest
Air Taxi about (300 meters) 984 feet beyond the end of the runway.
Commuter
\4 Areas under investigation as the possible causes of the acgident

include errors in the takeoff weight-and-balance calculatipns

ht

ain
act,
wn

300
the

hUr)

ith

vay
ine
The
ller
the

52 FLIGHT SAFETY FOUNDATION *FLIGHT SAFETY DIGEST « FEBRUARY-MARCH 1998



One of the men in the vehicle saw the approaching aircrathe mountainous terrain. It was determined that after the U-
and radioed the tower that the vehicle was on the runway. Aftearn, the aircraft flew into the mountain.

making more unsuccessful attempts to start the vehicle, the

two men abandoned the vehicle and ran to safety. Engine Overspeed Causes Aircraft to

, _ Leave Runway
The aircraft landed uneventfully. It was rolling out and reverse

thrust had been applied when the tower instructed the aircra(fgessna 441. Aircraft destroyed. No injuries
to go around. The crew of the Gulfstream advised the tower ' ' '

that they had already landed. During the takeoff roll in daylight and clear weather, the

.. aircraft’s right engine began to overspeed. The aircraft vegred
Shortly thereafter, the crew of the Gulfstream saw the ut|I|t)f0 the left

vehicle parked on the runway centerline. They tried to turn

left to avoid the vehicle, but they were not successful; the righfhe pilot attempted to abort the takeoff, but the right wing
wing of the Gulfstream struck the utility vehicle. lifted, and the aircraft departed the runway in a nose-down,
left-wing-low attitude. Impact with the ground collapsed the

Loss of Engine F_’OWGI’ Ends in landing gear, and the aircraft spun around several times before
Loss of Aircraft coming to a stop.
Learjet 35A. Aircraft destroyed. No injuries. Fire destroyed the aircraft.

The aircraft was taking off in daylight on Runway 21. As the
aircraft approached,\the left engine lost power; the aircraft

veered off the runway about (793 meters) 2,600 feet from where Rotorcraft
it began the takeoff.

The aircraft then became airborne and climbed to an altitude
of (15 meters to 23 meters) 50 feet to 75 feet before settling
back onto the runway surface about (305 meters) 1,000 feet
farther down the runway.

The weather was visual meteorological conditions, with the

wind from 260 degrees at (13 kilometers per hour gusting to ; ; ;
35 kilometers per hour) seven knots gusting to 19 knots. Hellcgg:gédcll_lgicll_ilﬁgge In

Other Bell 206 LongRanger IV. Substantial damage. Five injuries.
General
Aviation The privately owned helicopter was required to make an [off-

airport landing, during which the aircraft clipped a hedge and
made contact with the ground. The five occupants of the
helicopter, one of whom was seriously injured, were taken to
the hospital.

Impact with Power Pole

: . Downs Helicopter
Bad Weather and High Terrain Prove P

Dangerous Com bination Unknown type. Aircraft destroyed. Three fatalities.

Unidentified light aircraft. Aircraft destroyed. Two fatalities. A four-member crew aboard the helicopter was stretching wire
across a river when the helicopter contacted a power pole.
The pilot was approaching his destination, a mountain airport
in South America. When he learned that the airport was closé@dine of the helicopter rotors struck a worker on the power pole
because of heavy rain and restricted visibility, the pilot wasnd knocked him to the ground, fatally injured. The helicopter
forced to make a 180-degree turn. then fell into the river. The impact with the water killed the
pilot and one of the passengers. The two remaining passengers
Air traffic controllers lost contact with the aircraft shortly after were taken to a hospital, where one was listed in serlous
that. The next day the wreckage of the aircraft was found inondition. No one on the ground was hurt.
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The time of day and the weather at the time of the accidemd the oxygen-pressure gauge in the aft cabin contained trjaces

were not reported. of welding slag and flux material. The hose failed because of

internal burning at a point about (7.62 centimeters) three in¢ches
Loss of Tail Rotor Sends Helicopter from the point at which the hose attaches to the cylinder.
Out of Control _ _ _
Long-line Operation Ends in

Unknown type. Aircraft destroyed. Two fatalities. Landing Accident

After losing its tail rotor, the helicopter plummeted nose-firstagrospatiale SA 319B Astazou Alouette Ill. Aircraft

into a field and burst into flames. Witnesses tried to pull theybstantially damaged. One minor injury.

two occupants of the helicopter from the wreckage, but were

repelled by the flames. The aircraft was moving an external load with a long line into
a site located (1,983 meters) 6,500 feet above sea level| Not

The identity of the two men in the helicopter and thesatisfied with his first approach to the landing area, the pjlot
helicopter's owner had not been established at the time of thgaved off and approached from the opposite direction. As|the

accident report. aircraft descended on approach, the pilot increased

the

collective. The aircraft shuddered, rotor revolutions per minute

No information was given on the time the accident occurregrpPM) decayed and the rate of descent increased. After stri
or the weather at the time of the accident. the ground, the helicopter rolled onto its right side. At the ti
. . . of the report, it was suspected that the aircraft settled
Uncontained Engine Failure power.
Damages Second Engine
Underslung Cable Complicates Landing

Aérospatiale AS332L1 Super Puma. Aircraft destroyed. Twelve FoIIowing Hydraulic-pressure Loss
fatalities.

) Aérospatiale AS350B2 Ecureuil. Damage unknown.
The crew of the Super Puma was transferring 10 PasSeNgers ries.
from a land base (200 kilometers) 108 nautical miles to a North

Sea oil platform. Routine communications between the aircraf geophysical survey was being conducted using equip
and the oil platform continued until five minutes before the,

king
me
vith

No

ent

arried on an underslung cable and weighing (431 kilograms)

helicopter’s expected arrival time. About (31 kilometers) 1795 pounds. After the aircraft suffered an in-flight loss |of

nautica_l miles from its_ de_stination, the aircraft ;truck t_he Sy draulic pressure, the pilot elected to return to base with the
Unconflrmed_ reports |ndlcat_e that an uncontained fa”ure_oéeophysical equipment still attached. When the pilot begaj to
the no. 2 engine’s power-turbine stages was caused by a failig)5 the underslung equipment to land the aircraft, the nose
of the no. 2 engine’s Bendix shaft. Debris from the no. 2 engings (e ajrcraft began to rise as tension was released frony the

passed through the no. 1 engine and the cabin roof, and al
damaged the helicopter flight controls. The crew lost control

and the helicopter began to break up. The pilot turned the helicopter to land behind the equipm

ent

when tension unexpectedly returned to the cable and caused

Medevac Hehcopte_r DeStroyed _by the geophysical equipment to be dragged through a snow
Medical-oxygen Cylinder Explosion Control of the helicopter was momentarily lost, and the airc
descended. The aircraft’s tail stinger struck the ground
Bell 206L3 Long Ranger. Aircraft destroyed. One serioushe helicopter ascended. The cable to the geophys
injury. equipment came under tension again and the helico
descended in a nose-low attitude over an embankment.
After arriving at the scene of an ultralight-aircraft accidentmain rotors struck both the ground and the tailboom, but
the pilot of the Long Ranger medical evacuation helicopteaircraft did not roll over.
secured the aircraft's engine and electrical power. While the
medical technicians attended to the injuries of the ultralight'$hspection revealed that the hydraulic-pressure loss was c3
occupants, the pilot prepared the helicopter for departurdy a failure of a hydraulic-pump drive belt at a seam in
Immediately after the pilot opened the valve of the medicabelt. The belt, which is normally changed at 600 hours,
oxygen-supply cylinder, which was housed in the luggagéeen in use for 250 hours at the time of the accident.
compartment, a large explosion occurred. Inspection revealegerator had inspected the belt’s condition and tension d
that the high-pressure hose that leads from the oxygen cylinderior to the accidert.
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Disaster Response Planning
Workshop for Business Aviation
June 18-19, 1998

oo Atlanta Airport Hilton and Towers
Atlanta, Georgia, U.S.
Who Should Attend? Why Should You Attend?
« Department managers (flight, maintenance, < Develop your own disaster response plan—now!,
scheduling and administration); » Update your current disaster response plan (at least every
* Flight safety managers; other year);
« Corporate safety/disaster response managers* Increase the number of people in your department with
« Corporate security managers; skills and expertise in disaster response (one or two

aren’t enough);

» Improve corporate managers’ understanding of the
unique issues involved in an aviation-related disaster
(you'll want all the help you can get); and,

 Help your department’s staff after a nonaviation disaster
(automobile accident, fire or act of violence).

* Human resource/personnel managers;

* Public relations/communications managers;
« Risk/insurance and financial managers; and,
« Administrative managers.

Presented by

The
Flight Safety Foundation VanAllen Group, Inc.

For more information, contact: Joan Perrin, Flight Safety Foundation
Telephone: (703) 739-6700 ¢ Fax: (703) 739-6708

Visit our World Wide Web site at http://www.flightsafety.org
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We Encourage Reprints
Articles in this publication may be reprinted in whole or in part, but credit must be given to: Flight Safety Founda
Flight Safety Digesthe specific article and the author. Please send two copies of reprinted material to the director of public

What's Your Input?

In keeping with FSF’s independent and nonpartisan mission to disseminate objective safety information, Foundation publ
solicit credible contributions that foster thought-provoking discussion of aviation safety issues. If you have an anisd, prof

completed manuscript or a technical paper that may be approprigtgfdrSafety Digesplease contact the director of publications|

Reasonable care will be taken in handling a manuscript, but Flight Safety Foundation assumes no responsibility for matesthl sy
The publications staff reserves the right to edit all published submissions. The Foundation buys all rights to manupaypteand
is made to authors upon publication. Contact the Publications Department for more information.
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